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MULTIPLEXED ANALYSIS OF CLINICAL 
SPECIMENS APPARATUS AND METHOD 



Microfiche appendix A contains a listing of selected Visual Basic and C programming 
source code in accordance with the inventive multiplexed assay method. Microfiche appendix 
A, comprising 1 sheet having a total of 58 frames, contains material which is subject to 
copyright protection. The copyright owner has no objection to the facsimile reproduction by 
anyone of the patent disclosure, as it appears in the Patent and Trademark OfSce patent files or 
records, but otherwise reserves all copyright rights whatsoever. 

The invention Elates generally to laboratory diagnostic and genetic analysis and, more 
particularly, to a flow cytometric method for the simultaneous and multiplexed diagnostic and 
genetic analysis of clijnical specimens. 

Analysis of clinical specimens is important in science and medicine. A wide variety of 
assays to determine qualitative and/or quantitative characteristics of a specimen are known in the 
art. Detection of multiple analytes, or separately identifiable characteristics of one or more 
analytes, through single-step assay processes arc presently not possible or, to the extent possible, 
have provided only very limited capability and have not yielded satisfactory results. Some of 
the reasons for these disappointing results include the extended times typically required to 
enable the detection and classification of multiple analytes, the inherent limitations of known 
reagents, the low sensitivities achievable in prior art assays which often lead to significant 
analytical errors and the unwieldy collection, classification, and analysis of prior art algorithms 
vis i vis the large amounts of data obtained and the subsequent computational requirements to 
analyze that data. 

Clearly, it would be an inqjrovement in the art to have adequate apparatus and methods 
for reliably performing real-time multiple determinations, substantially simultaneously, through 
a single or limited step assay process. A capability to perform simultaneous, multiple 
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deteminations in a single assay process is kno^vn as "multiplexing" and a process to implement 
such a capability is a "multiplexed assay," 
Flow Cytometry 

One well known prior art technique used in assay procedures for which a multiplexed 
assay capability would be particularly advantageous is flow cytometry. Flow cytometry is an 
optical technique that analyzes particular particles in a fluid mixture based on the particles' 
optical characteristics using an instrument known as a flow cytometer. Background infoimation 
on flow cytometry may be found in Shapiro. "Practical Flow Cytometry." Third Ed. (Alan R. 
Uss. Inc. 1995); and Melamed et al, "How Cytometry and Sorting" Second Ed (Wiley-Liss 
1 990), which are mcoiporated herein by reference. 

Flow cytometeis hydrodynamicaUy focus a fluid suspension of particles into a thin 
stream so that the particles flow down the stream in substantially single file and pass through an 
examination zone. A focused light beam, such as a laser beam iUuminates the particles as they 
flow through the examination zone. Optical detectors within the flow cytometer measure certain 
characteristics of the light as it interacts with the particles. Commonly used flow cytometers 
such as the Becton-Dickinson Immunocytometiy Systems "FACSCAN" (San Jose, CA) can 
measure forward light scatter (generally correlated with the refiactive index and size of the 
particle being illuminated), side light scatter (generally correlated with the particle's size), and 
particle fluorescence at one or more wavelengths. (Fluorescence is typically imparted by ' 
incorporating, or attaching a fluorochrome within the particle.) Flow cytometers and various 
techniques for their use are described in, generally, in "Practical Flow Cytometry" by Howard 
M. Shapiro (Alan R. Liss. Inc, 1985) and "How Cytometry and Sorting. Second Edition" edited 
by Melamed et al. (Wiley-Liss, 1990). 

One skiUed in the an will recognize that one type of "particle" analyzed by a flow 
cytometer may be man-made microspheres or beads. Microspheres or beads for use in flow 
cytometry are generally known in the art and may be obtained from manufacturers such as 
Spherotech (LibcrtyviUe, IL). and Molecular Probes (Eugene, OR). 
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Although a multiplexed analysis capability theoretically would provide enormous 
benefits in the art of flow cytometry, very little multiplexing capability has been previously 
achieved. Prior multiplexed assays have obtained only a hmited number of detenninations. A 
review of some of these prior art techniques is provided by McHugh, "Flow Microsphere 
Immunoassay for die Quantitative and Simultaneous Detection of Multiple Soluble Analytes," in 
Methods in CeB Biology, 42, Part B, (Academic Press, 1994). For example, McHugh et al., 
"Microsphere-Based Fluorescence Immunoassays Using Flow Cytometry Instrumentation,"* in 
Clinical Flow Cytometry Ed. K.D. Bauer, et al., WUliams and Williams, Baltimore, MD, 1993. 
535-544, describe an assay where microspheres of different sizes are used as supports and the 
identification of microspheres associated with different analytes was based on distinguishing a 
microsphere's size. O^er references in this area include Lmdmo, et al., "Immunometric Assay 
by Flow Cytometry Using Mixtures of Two Particle Types of Different AfBnity," J. Immun. 
Meth., 126, 183-189 (1990); McHugh, "Flow Cytometry and the Application of Microsphere- 
Based Fluorescence Iiiununoassays," Immunochemica, 5, 1 16 (1991); Horan et al., "Fluid Phase 
Particle Fluorescence Analysis: Rheumatoid Factor Specificity Evaluated by Laser Flow 
Cytophotometry*' in Immunoassays in the Clinical Laboratory, 185-198 (Liss 1979); Wilson et 
al., "^A New Microsphere-Based Immunofluorescence Assay Using Flow Cytometry," 
L Immunological Methods, 107, 225-230 (1988); and Fulwyler et al„ "Flow Microsphere 
Immunoassay for the Quantitative and Simultaneous Detection of Multiple Soluble Analytes," 
Meth. Cell BioL, 33, 613-629 (1990). 

The above cited methods have been unsatisfactory as applied to provide a fully 
multiplexed assay capable of real-time analysis of more than a few different analytes. For 
example, certam of the assay methods replaced a single ELISA procedure with a flow 
cytometer-bascd assay. These methods were based on only a few characteristics of the particles 
under analysis and enabled simultaneous determination of only a very few analytes in the assay. 
Also, the analytic detcnninations made were hampered due to software limitadons including the 
inability to perform real-time processing of the acquired assay data. In summary, althoi^h it has 
been previously hypothesized that flow cytometry may possibly be adapted to operate and 
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provide benefit in a multiple analyte assay process, such an adaptation has not in reality been 
accomplished. 



Analysis of Genetic Information 

The availabiUty of genetic infonnation and associaUon of disease with mutation(s) of 
critical genes has generated a rich field of clinical analysis. In particular, the use polymerase 
chain reaction (PGR) and its variants have facUitaled genetic analysis. A major advance in this 
field is described in our co-pending and contemporaneously filed U.S. AppUcation entided 
"Methods and Compositions for Flow Cytometric Deteraiination of DNA Sequences." This co- 
pending application describes a powerful flow cytometric assay for PCR pioducts, which may 
be multiplexed in accordance with the present mvention. A multiplexed flow cytometric assay 
for PCR reaction products would provide a significant advantage in the field of genetic analysis. 

Recem advances in genetic analyses have provided a wealth of information regarding 
specific mutations occurring in particular genes in given disease states. Consequentiy, use of an 
individual's genetic information in diagnosis of disease is becoming incieasingly prevalent Genes 
responsible for disease have been cloned and characterized in a number of cases, and it has been 
shown u.« responsible genetic defects may be a gross gene aheration. a small gene alteration, or 
even in some cases, a potat mutation. There are a number of reported examples of diseases caused 
by genetic mutations. Testing of gene expression by analysts of cDNA or mRNA, and testing of 
normal genes and alleles, as in cases of tissue typing and forensics. are becoming widespread. 
Other uses of DNA analysis, for example iii paternity testing, etc, are also importam and can be 
used in accordance with the invention. 

Current techniques for genetic analysis have been greatly facilitated by tiie development 

anduseofpolymeniscchainreaction(PCR)toamplifyselectedscgmentsofDNA. Thepowerand 
sensitivity of the PCR has prompted its application to a wide variety of analytical problems in 
which detectionof DNA or RNAsequences is required. 
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PCR is capable of amplifying short fragments of DNA, providing short (20 bases or more) 
nucleotides are supplied as primers. The primers anneal to either end of a span of denatured DN A 
target and, upon renaturation, enzymes synthesize the intervening complementary sequences by 
extending the primer along the target strand During denaturation, the temperature is raised to 
break apart the target and newly synthesized complementary sequence. Upon cooling, renaturation 
and annealing, primers bind to the target and the newly made opposite strand and now the primer is 
extended again creating the complement The result is that in each cycle of heating and 
renaturation followed by primer extension, the amount of target sequence is doubled. 

One major difficulty with adoption of PCR is the cumbersome nature of the methods of 
analyzing the reaction'Sjamplified DNA products. Methods for detecting genetic abnonnaiitiesand 
PCR products have been described but they are cumbersome and time consuming. For example, 
U.S. Patent No. 5,429,923 issued July 4. 1995 to Seidman, et al,, describes a method for detecting 
mutations in persons having, or suspected of having, hypertrophic cardiomyopathy. That method 
involves amplifying a DNA sequence suspected of containing the disease associated mutation, 
combining the amplified product with an RNA probe to produce an RNA-DNA hybrid and 
detecting the mutation by digesting unhybridized portions of the RNA strand by treating the 
hybridized product with an RNAse to detect mutations, and tiien measuring the size of the prodiKts 
of the RNAse reaction to determine whetiier cleavage of the RNA molecule has occurred. 

Other methods used for detecting mutations in DNA sequences, including direct 
sequencing methods (Maxim and Gilbert, Proc. Natl. Acad. Sci. U.S.A., 74, 560-564, 1977); PCR 
amplification of specific alleles, PASA (Botttema and Sommcr, Muta. Rcs.» 288, 93-102, 1993); 
and reverse dot blot method (Kawasaki, et al.. Methods in Enzymology, 218, 369-81, 1993) have 
been described. These techniques, while useful, are time consuming and cumbersome and for tiiat 
reason are not readily adaptable to diagnostic assays for use on a large scale. 

At least one use of flow cytometry for the assay of a PCR product has been reported but 
that assay has not been adapted to multiplexing. See Vlieger et al., ^Quantitation of Polymerase 
Chain Reaction Products by Hybridization-Based Assays with Fluorescent Colorimetric, or 
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Chemiluminescent Detection," Anal. Biochem., 205. 1-7 (1992). In Vlieger et al. a PCR 
product was labeled using primers that contained biotinylated nucleotides. Unreacted primers 
were first removed and the amplified portion annealed with a labeled complementary probe in 
solution. Beaded microspheres of avidin were then attached to the amiealed complementary 
material. TTie avidin beads bearing the amiealed complementary material were then processed 
by a now cytometer. The procedure was limited, inter alia, in that avidin beads having only a 
single specificity were employed. Further, real-time analysis of the assay's data was not 
possible. 



Data Manipulation 

TTie large volume of data typically generated during flow cytometric multiple analyte 
assays, combined with' the limited capabilities of prior techniques to collect, sort and analyze 
such data have provided significant obstacles in achieving a satisfactory multiplexed assay. The 
computing methods used in prior art flow cytometric analyses have generally been insufficient 
and unsuitcd for accurately and timely analyzing large volumes of data such as would be 
generated by multiplexed assays; particularly when more than two analytes (or properties of a 
single analyte) are to be simultaneously determined. 

TTie present invention enables the simultaneous determination of multiple distinct 
analytes to a ftr greater degree than existing techniques. Further, the invention provides an 
Improved data classification and analysis metiiodology that enables the meaningful analysis of 
highly multiplexed assays in real-time. The invention is broadly applicable to multiplexed 
analysis of a number of analytes in a host of bioassays in which there is cunentiy a need in the 
art 



The present invention provides improved methods, instrumentation, and products for 
detecting multiple analytes in a fluid sample by flow cytometric analysis and for analyzing and 
presenting the data in real-time. An advanuge of the invention is that it allows one rapidly and 
simultaneously to detect a wide variety of analytes of interest in a single assay step. 
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The invention employs a pool of bead subsets. The individual subsets are prepared so 
that beads within a subset are rcladvely homogeneous but differ in at least one distinguishing 
characteristic from beads in any other subset Therefore, the subset to which a bead belongs can 
readily be determined after beads from different subsets are pooled. 

In a preferred embodiment, the beads within each subset are uniform with respect to at 
least three and preferably four known classification parameter values measured with a flow 
cytoiaeter: e.g.. forward light scatter (Q) which generally correlates with size and refractive 
index; side light scatter (C^) which generally correlates with size; and fluorescent emission in at 
least one wavelength (Cj), and preferably in two wavelengths (Cj and Q), which generally 
results from the presence of fluorochrome(s) in or on the beads. Because beads from different 
subscU differ in at least one of the above listed classification parameters, and the classification 
parameters for each subset are known, a bead's subset identity can be verified during flow 
cytometric analysis of the pool in a single assay step and in real-time. 

Prior to pooling subsets of beads to fonn a headset, the beads within each subset can be 
coupled to a reactant that will specifically react with a given analyte of interest in a fluid sample 
to be tested. Usually, different subsets will be coupled to different reactants so as to detect 
different analytcs. For example, subset 1 may be labeled so as to detect analyte A (AnA); subset 
2 may be labeled so as to detect analyte B (AnB); etc. 

At some point prior to assay, the variously labeled subsets are pooled. The pooled beads, 
or beadset, arc then mixed with a fluid sample to test for analytes reactive with the various 
reactants bound to the beads. The system is designed so that reactions between the reactants on 
the bead surfaces and the corresponding analytes in the fluid sample will cause changes in the 
intensity of at least one additional fluorescent signal (F„) emitted from a fluorochrome that 
fluoresces at a wavelength distinct from the wavelengths of classification parameters Cj or C4, 
The signal serves as a "measurement signal," that is, it indicates the extent to which the 
reactant on a given bead has undergone a reaction with its corresponding analyte. The signal 
may result from the addition to the assay mixture of fluorescently labeled "secondary" reagent 
that binds to the bead surface at tiie site where a reactant-analyte reaction has occurred. 
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When the mixture (pooled beads and fluid sample) is run through a flow cytometer, each 
bead is mdividually examined. The classification parameters. e.g., C„ C„ and Q. are 
measured and used to classify each bead into the subset to which it belongs and, therefore, 
identify the anaiyte that the bead is designed to detect. The value of the bead is detennined 
to indicate the concentration of anaiyte of interest in the fluid sample. Not only are many beads 
from each subset rapidly evaluated in a single run, multiple subsets are evaluated in a single run. 
Thus, in a single-pass and in real-time a sample is evaluated for multiple analytes. Measured 
values for all beads assayed and classified as belonging to a given subset may be averaged or 
otherwise manipulated statistically to give a single meaningful data point, displayed in 
histogram fonnat to provide information about the distribution of values within the subset, or 
analyzed as a function of time to provide infomation about the rate of a reaction involving that 
anaiyte. 



In a preferred embodiment, the beads will have two or more fluorochromes incorporated 
within or on them so that each of the beads in a given subset will possess at least four different 
classification parameters, e.g., C„ C> C3, and C,. For example, the beads may be made to 
contain a red fluorochrome (Q), such as nile red. and bear an onmge fluorochrome (Q). such as 
Cy3 or phycoerythrin. A third fluorochrome. such as fluorescein, may be used as a source of the 
C, or F„ signal. As those of skill in the art wUl recognize, additional fluorochromes may be 
used to gmerate additional C, signals. That is. given suitable fluorochromes and equipment, 
those of skill in the art may use multiple fluorochromes to measure a variety of C„ or F„ values, 
thus expanding the multiplexing power of tiie system even further. 

In certain appUcaUons designed for more quantitative analysis of anaiyte concentrations 
or for kinetic studies, multiple subsets of beads may be coupled to the same reactant but at 
varying concentrations so as to produce subsets of beads varying in density of bound reactant 
ratiier tiian in tiie type of reactant. In such an embodiment, tiie reactant associated wiUi 
classification parameter for example, may be incorporated directly into the reactive reagent 
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thai is coupled to the beads, thereby allowing C4 conveniently to serve as an indicator of density 
of reactant on the bead surface as well as an indicator of reactant identity. 

To prepare subsets varying in reactant density one may, for example, select, isolate, or 
prepare a starting panel of different subsets of beads, each subset differing from the other subsets 
in one or more of Q, C> or Cj. Each of those subsets may be farther subdivided into a number 
of aliquots. Beads in each aliquot may be coupled with a reactant of choice that has been 
fluorescendy labeled with a fluorochrome associated with C4 (e.g.; Analyte A labeled with Cy3) 
under conditions such that the concentration or density of reactant bound to the beads of each 
aliquot will differ from that of each other aliquot in the subset. Alternatively, an entire subset 
may be treated with j the fluorochrome under conditions that produce a heterogeneous 
distribution of C4 reactant on beads within the subset. The subset may then be sorted with a cell 
sorter on the basis of the intensity of C4 to yield further subsets that differ from one another in 
C4 intensity. 

One limitation of the alternative embodiment of using C4 labeled reactant as a 
classification agent is that one must design the system so that the value of as a classification 
parameter is not lost Therefore, one must take care to assure that the C4 intensities of all 
subsets carrying reagent A differs from the C4 intensities of ail subsets carrying reagents B, C, 
and so forth. Otherwise, C4 would not be useful as a parameter to discriminate reactant A from 
reactant B, etc. 

With either embodiment, the number of subsets that can be prepared and used in practice 
of die invention is theoretically quite high, but in practice will depend, inter alia, on the level of 
homogeneity within a subset and the precision of the measurements that are obtained with a flow 
cytomcter. The intra-subset heterogeneity for a given parameter, e.g., forward angle light scatter 
C/, correlates inversely with the number of different subsets for that parameter that can be 
discriminated by flow cytometric assay. It is dierefore desirable to prepare subsets so that the 
coefficients of variation for the value of each classification parameter (Q, Cj, and Q) to be 
used in a given analysis is minimized. Doing this will maximize the number of subsets that can 
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be discriminated by the flow cytometer. Bead subsets may be subjected to flow cytometric 
sorting or other procedures at various different points in preparation or maintenance of the bead 
subsets to increase homogeneity within the subset Of course, with simple assays designed to 
detect only a few different analytes. more heterogeneity can be allowed within a subset without 
compromising the reliability of the assay. 

In an illustrative embodiment set forth here to explain one manner in which the invention 
can work in piactice, the beads are used to test for a variety of antibodies in a fluid sample. A 
panel of bead subsets having known varying Q, Q. and C, values is first prepared or 
odierwise obtained. The beads within each subset are then coupled to a given antigen of 
interest Each subset receives a different antigen. The subsets are then pooled to form an assay 

headset and may be stored for later use and/or sold as a commercial test kit 
1 

In the assay procedure, the beads are mixed with the fluid to be analyzed for antibodies 
reactive with the variety of antigens earned on the beads under conditions that will pennit 
antigen-antibody interaction. The beads are labeled with a "secondary" reagent that binds to 
antibodies bound to the antigens on die beads and that also bears the measurement fluorochrome 
associated with parameter F„ (e.g.. fluorescein). A fluoresceinated antibody specific for 
immunoglobulin may be used for this purpose. The beads are tiien run tiirough a flow 
cytometer. and each bead is classified by its characteristic classification parameters as belonging 
to subset-1 , subset-2, etc. At the same time, the presence of antibodies specific for antigen A. B. 
etc.. can be detected by measuring green fluorescence. F„, of each bead. The classification 
parameters C„ Q. Cj, and allow one to determine die subset to which a bead belongs, which 
serves as an identifier for the antigen carried on die bead. The value of die bead indicates the 
extent to which tiie antibody reactive with that antigen is present in die sample. 

Altiiough assays for antibodies were used above as an iUustration, tiiose of ordinary skill 
in die art wUl recognize diat die invention is not so limited in scope, but is widely appUcable to 
detecting any of a number of analytes in a sample of interest For example, die mediods 
described here may be used to detect enzymes or DNA or virtually any analyte detectable by 
virtue of a given physical or chemical reaction. A number of suitable assay procedures for 
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detection and quantification of enzymes and DNA (particularly as the result of a PGR process) 
are described in more detail below. 

The present invention also provides a significant advance in the art by providing a rapid 
and sensitive flow cytometric assay for analysis of genetic sequences that is widely applicable to 
detection of RNA, differing alleles, and any of a number of genetic abnormalities. In general, the 
methods of the present invention employ a competitive hybridization assay using DNA coupled 
microspheres and fluorescent DNA probes. Probes and microsphere-linkedoligonucleotides could 
also include RNA, PNA, and non-natural nucleotide analogs. 

In practice of t|ie invention, oligonucleotides from a region of a gene of interest, often a 
polymorphic allele or a region to ^ch a disease associated mutation has been mapped, are 
synthesized and coupled to a microsphere (bead) by standard techniques such as by carbodiimide 
coupling. A fluorescaitbligonucleodde, complementary to the oligonucleotideon the bead, is also 
synthesized. To perform a test in accordance with the invention, DNA which is to be tested is 
purified and either assayed unamplified, or subjected to amplification by PGR, RT-PGR, or LCR 
amplification using standard techniques and PGR initiation probes directed to amplify the 
particular region of DNA of interest The PGR product is then incubated with the beads under 
conditions sufficient to allow hybridization between the amplified DNA and the oligonucleotides 
present on the beads. A fluorescent DNA probe that is complementary to the oligonucleotide 
coupled to the beads is also added under competitive hybridization conditions. Aliquots of the 
beads so reacted are then run through a flow cytometer and the intensity of fluorescence on each 
bead is measured to detect the level of fluorescence which indicates the presence or absence of 
given sequences tn the samples. 

For example, vrtien beads labeled with an oligonucleotide probe corresponding to a non- 
mutated (wild-^e) DNA segment are hybridized with the PGR product from an individual who 
has a non-mutated wild-type DNA sequence in the genetic region of interest, the PGR product will 
effect a significant competitive displacement of fluorescent oligonucleotide probe from the beads 
and, therefore, cause a measurable decrease in fluorescence of the beads, e.g., as compared to a 
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control reaction that did not receive PGR reaction product If, on the other hand, a PGR product 
from an individual having^a nratation in the region of interest is incubated with the beads bearing 
the wild-type probe, a significantly lesser degree of displacement and resulting decrease in 
mtensity of fluorescence on the beads will be observed because the mutated PGR product will be a 
less cfFecdvc competitor for binding to the oligonucleotide coupled to the bead than the perfectly 
complementary fluorescent wild-type probe. Alternatively, the beads may be coupled to an 
oligonucleotide corresponding to a mutation known to be associated with a particular disease and 
similar principles applied. In the multiplexed analysis of nucleic acid sequences, bead subsets are 
prepared with all known, or possible, variants of the sequence of interest and then mixed to foim a 
bead set The reactivity of the test sample, e.g. PGR product, with the wild-type sequence and 
odicr variants can then be assayed sunultaneously. The relative reactivity of the PGR product with 
subsets bearing the wili-type or variant sequences identifies the sequence of the PGR product The 
matrix of information derived from this type of competidve hybridization in which the test 
sequence and the entire panel of probe sequences react simultaneously allows identification of the 
PGR product as wild-type, known mutant, or unknown mutant The invention thus provides one 
with the ability to measure any of a number of genetic variations including point mutations, 
insertions, deletions, inversions, and alleles in a simple, exquisitely sensitive, and efficient format 

Figure 1 is a block diagram of an illustrative hardware system for performing a multiplex 
assay method in accordance with the invention. 

Figure 2 is a block diagram of an iUustrative software system for performing a multiplex 
assay method in accordance with the invention. 

Figure 3 is a flow-chart for a preprocessing phase in accordance with the inventive 
multiplexed assay method. 



Figiffc 4 shows an assay database in accordance with the invention. 
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Figure 5 shows a baseline data acquisition ubie for an illustrative multiple analyte assay 
in accordance with the invention. 

Figure 6 shows an assay definition table in accordance with the invention. 

Figure 7 shows a discriminant table for an Ulustrative multiple analyte assay m 
accordance with the invention. 

Figure 8 shows a decision tree view of the iUustrativc discriminant function table of 
10 Figure 7. 

Figure 9 is a flo^hart for a real-time analysis phase of a multiple analyte assay in 
accordance with the invention. 



Figure 10 shows a results table for an illustrative multiple analyte assay in : 
with the invention. 



Figure 11 shows a interpretation table for an Ulustndve multiple analyte assay in 
accordance with the invention. 

20 

Figure 12 is a flowH:hait for an interpretation phase of a multiple analyte assay m 
accordance with the invention 

Figures I3a through 13e show an assay database in accordance with the invcnUon for a 
25 specific experimental example 

Figure 14 shows a decision tree view for an Ulustrative (experimental example) 
discriniinant table. 
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Development of a multiplexed assay for use in accordance with the invention can be 
divided into three phases: (1) preprocessing, (2) real-time analysis, and (3) interpretation. 
During the preprocessing phase, baseline data is collected independently, via flow cytometric 
techniques, for each of an assay's bead subsets. Baseline data is used to generate a set of 
functions that can classify any individual bead as belonging to one of the assay's subsets or to a 
rejection class. During the analysis phase, flow cytometric measurements are used to classify, m 
real-time, each bead within an exposed headset according to the aforementioned functions. 
Additionally, measurements relating to each subset's analyte are accumulated. During the 
interpretation phase the assay's real-time numerical results are associated with textual 
explanations and these textual explanations are displayed to a user. 

I 

The inventive method allows the detection of a plurality of ailalytes simultaneously 
during a single flow cytometric processing step. Benefits of the inventive multiplex assay 
method include increSased speed and reduced cost to analyze a clinical sample. 

System Hardware 

Figure 1 shows, in block diagram foim, a system for implementing the inventive 
multiplexed assay method. Flow cytometer 100 output consists of a series of electrical signals 
indicative of one or more specified measured characteristics on each bead processed. These 
measurement signals are transmitted to computer 105 via data bus 110 and interface board 115. 
During the preprocessing phase, the signals are used by the computer to generate an assay 
database. During the real-time analysis phase, the signals are processed by the computer (using 
the assay database) in accordance with the inventive method to produce a 
multiplexed/simultaneous assay of a clinical sample. 

Flow cytometer 100 operates in a conventional manner. That is, beads are processed by 
illuminating them, essentially one at a time, with a laser beam. Measurements of the scattered 
laser light are obtained for each illuminated bead by a plurality of optical detectors. In addition, 
if a bead contains at least one £4)propriate fluorescing compound it will fluoresce when 
illuminated. A plurality of optical detectors within the flow cytometer measure fluorescence at a 
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plurality of wavelengths. Typical measured bead chaiacteristics include, but are not limited to. 
forward light scatter, side Ught scatter, red fluorescence, green fluorescence, and orange 
fluorescence. One of ordinary skill in the use of flow cytometric techniques will recognize that 
the use of green fluorescent markers or labels can cause cross-channel interference between 
optical detectors designed to detect green and orange wavelengths (e.g.. approximately 530 
nanometers and approximately 585 mmometen respectively). A training set of beads, in 
combination with standard data manipulation, can correct for this cross-channel interference by 
providing the physical measurements required for mathematical corrertion of the fluorescence 
measurements. 

One of ordinary skill wOl further recognize that many alternative flow cytometer setups 
are possible. For insince. additional color sensitive detectors could be used to measure the 
presence of other fluorescence wavelengths. Further, two or more laser beams can be used in 
combination to illuminate beads as they flow through the cytometer to allow excitation of 
fluorochromcs at different wavelengths. 

Computer 105 can be a conventional computer such as a personal computer or 
engineering workstation. In one embodiment, the computer is a personal computer having an 
Intel "486" processor, nmning Microsoft Corporation's "WINDOWS" operating system, and a 
number of ISA expansion slots. 

Interface board 115 is designed to plug into one of Ihe computer's 100 ISA (Industry 
Standard Architecture) expansion slots. While the design of an interface board is, in general, 
different for each specific type of flow cytometer 100. its primary functions include (1) 
receiving and parsing measurement data signals generated by the flow cytometer-s detectors, (2) 
receiving control parameter status information from the flow cytometer. and (3) sending control 
parameter commands to the flow cytometer. The precise manner in which these functions are 
carried out are dependent upon the type (make and model) of the flow cytometer used. In one 
embodiment, employing a Becton-Dickinson "FACSCAN" flow cytometer (San Jose, CA), the 
interface board uses control signals generated by the flow cytometer to distinguish measurement 
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data and flow cytometer parameter and control signals. Measured data include forward light 
scatter, side light scatter, red fluorescence, green fluorescence, and orange fluorescence. 
Parameter and control signals include flow cytometer amplifier gain adjustments and status 
infonnation. 

While the design of an interface board 115 for use with the inventive assay method 
would be a routine task for one skilled in the art of diagnostic medical equipment design having 
the beneflt of this disclosure, an important aspect for any interface board is its ability to 
accommodate the transmission data rate generated by whatever flow cytometer is used. For 
example, the "FACSCAN'* flow cytometer can transmit a 16-bit (2 byte) word every 4 
microseconds resiiltir|g in burst data rates of 500,000 bytes per second. Microflche appendix A 
provides a detailed source code embodiment of the inventive assay method for use with the 
"FACSCAN** flow cytometer. 

Data bus 115 provides a physical communication link between the flow cytometer 100 
and the interface board 110. Its physical and electrical characteristics (e.g., data width and 
bandwidth) are dependent upon the capabilities of the flow cytometer. It is noted that the data 
bus need not be a totally digital bus. If the flow cytometer does not include analog-to-digital 
conversion of measured bead characteristics (e.g., light scatter and fluorescence signals), then 
the data bus must communicate these analog signals to the interface board. It is then necessary 
that digital conversion of these signals be provided by either the interface board or another 
peripheral device before die data is transmitted to the computer 105. 

System Software 

As shown in Figure 2, the software architecture for the inventive assay method can be 
divided into two parts. A graphical user interface (GUI) 200 provides the means by which a user 
(1) receives assay results and (2) interacts with the flow cytometer. A dynamically linked 
library (DLL) 205 provides the means through which the inventive real-time assay is performed 
and includes routines necessary to (1) interaa with interface board 115 and (2) send and receive 
infonnation to the flow cytometer 100. 
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An important aspect of the inventive assay method is that it perfoims a simultaneous 
analysis for multiple analytes in real-time. One of ordinary skill in the art of computer software 
development will realize that real-time processing can impose severe time constraints on the 
operational program code. i.e.. the DLL 205. For example, the "FACSCAN" flow cytometer 
can process, or measure, approximately 2.000 beads per second, where each bead is associated 
with eight 16.bit data values. Thus, to process flow cytometer data in real-dme from a 
"FACSCAN.- the DLL should be able to accept, and process, at a consistent data rate of at least 
32.000 bytes per second. The need to accommodate this data rate, while also having sufBcient 
time to perform real-time analysis based on the data, will generally necessitate that some of the 
DLL code be written in assembly language. 



1 



In a cuirent embodiment, the GUI 200 is implemented in the visual basic programming 
language and the DJ.L 205 is implemented in C and assembly language programming. 
Microfiche appendix A contains source code listings for one embodiment of the GUI and DLL. 

Pieprocessing 

A fanction of the preprocessmg phase is to generate an assay database for use during the 
real-time analysis of an exposed beadset (clinical sample). Thus, preprocessing is perfora»ed 
prior to combining separately labeled bead subsets to form assay headsets. Assay defmition. 
discriminant function definition, and interpretation tables are created at the time an assay 
beadset is created. Figure 3 shows, in flow chart form, the steps taken during the preprocessing 
phase. 



A bead subset is characterized by (1) the analyte it u designed to identify. (2) one or 
more classification parameten C, ... C„ and (3) one or more measurement parameters F„, - 
During the preprocessing phase the classification parameters are used to generate a set of 
functions, referred to as discriminant functions, that can classify a bead as belonging to one of 
the assay's subsets or a rejection class. Measurement parameters are used during die real-time 
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analysis phase to detennine if a specified analyte is present in the clinical sample being 
analyzed. 

The precise number of individual beads contained in any given subset is relatively 
unimportant, the only significant criterion being that a sufficient number are used so that a good 
statistical characterization of the subset's paraaneters can be achieved during the real-time 
analysis phase. In a current embodiment, each bead subset contains an equal number of beads. 
One of ordinary skill in the field will recognize that the precise number of beads within any 
given bead subset can vary depending upon many factors including, but not limited to, the 
number of analytes an assay headset is designed to detect, the uniformity of the labeled beads 
(with respect to each^of the measured parameters C„ F„i F^), and the penalty of 
misclassifying (e.g., making a type 1 or type 2 classification error) a bead during analysis. 

During preprocessing, each bead in an imexposed subset is measured by a flow 
cytometer 100 and the resulting data values accumulated for later use 300. For example, if the 
flow cytometer measures n classification parameters and x measurement parameters, i.e., 
generates {n + x) values for each bead, data for each of the subsefs {n + x) parameters are 
updated based on each bead's measurements. This data collection step is repeated independently 
for each subset in the assay's headset 305. The collection of such data for each of an assay's 
subsets constitutes an assay's baseline data. 

After an assay's baseline data has been collected, a set of discriminant functions are 
determined 310. During real-time analysts, the discriminant functions are used to classify a 
bead into one of the assay's bead subsets or a rejection class based solely on the measured 
classification parameters, C; ... C^* This step, in principle and practice, is a problem of multi- 
dimensional classification or cluster analysis. Many prior art techniques and commercial 
software programs exist to perform this task. 

Beads are generally manufactured in large quantities referred to as batches. Each bead in 
a batch is of nearly identical size and has substantially the same dye absorption capacity. In 
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l.ght of this maaufecturing process, bead subsets can be created using precise dilutions of chosen 
dyes and. because of their nearly identical size, all classification parameters will exhibit 
essentially equal variances. By conecting for scaling of the photo-multipliers within a flow 
cytometer. a linear dassificadon rule can be generated. Further, since there are equal quantities 
of beads in each subset, the prior probabilities will be equal. This allows use of Fisher's linear 
discriminant technique to calculate tiie discriminant functions which define classification 
boundaries. See. Fisher. "The Use of Multiple Measurements m Taxonomic Problems." Annals 
of Eugenics, 7. 179-188 (1936). For instance, linear hiemrchical discriminant functions may be 
chosen which are equidistant, in a Euclidean sense, between tiie cemers or centroids of any two 
of an assays bead subsets. NotwiUistanding tiie present example. oti«r types of discriminant 
functions, such as quadratic Junctions and tiiose discriminating on more than two classification 
parameters at once, are also possible. 

In addition tathe discrimmant functions, a set of threshold values are chosen which arc 
used during the real-time analysis phase to detect tiie presence of a target analyte. For example, 
assume measurement parameter F„, is used to detect analyte-A. During preprocessing, the 
baseline or unexposed value for F,; is measured and accumulated for Uiat subset's beads. 
Analyte-A's ti^shold could then, for example, be set to F,/s baseline mean value plus one 
standard deviation ofFJs baseline value. One of ordinary skiU will recognize that the precise 
function or value selected for a threshold depends upon the parameter being measured (e.g.. its 
distribution) and the cost of making a classification error (e.g.. a type 1 or a type 2 error). It is 
routine that such values be based on an empirical review of die baseline data. The important 
criterion is that the threshold reliably distinguish between tiie presence and absence of die target 
analyte in an exposed assay headset 

After baseline data for each of an assay's bead subsets are coUected and discriminant 
functions and analyte threshold values are estabUshed. an assay database is generated 315. 
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Assay Database 

As shown in Figure 4, an assay database 400 consists of an assay definition table 405, a 
discriminant function table 410, a results table 415, and an interpretation table 420. See Figure 
4. 

5 

The assay definition table 405 defbes an assay which, as described above, comprises 
two or more bead subsets each of which is designed to detect a specified anaiyte. Each row in 
the assay definition table describes a bead subset and contains the following entries: (1) assay 
name, (2) subset name, (3) subset token, (4) baseline values for each of the subset's 

10 measurement parameters f^/ - -F«x» and (5) test-type token. The subset name entry is a text 
string identifying the pbset by, for example, the type of anaiyte it is labeled to detect. The 
subset token is a unique subset identifier. The measurement parameter baselme entries are used 
during the interpretation phase to associate a numerical result (collected during the real-time 
analysis of a clinical sample) with a textual output string. Finally, the test-type token identifies 

15 which one of a possible plurality of interpretation tests to perform on the collected (real-time) 
data during the interpretation phase. 

The discriminant function table 410 is used to systematically set foxth an assay's set of 
discriminant functions. Each row in the discriminant function table implements a single 
20 discriminant function and includes entries for (1) the assay's name, (2) a unique row identifier, 
(3) one or more classification parameters upon which to evaluate, (4) high and low discriminant 
values for each of the listed classification parameters, and (5) evaluation tokens which are 
assi gned as a result of evaluating the discriminant function. 

25 The results table 415 is used to store, or accumulate, data on an assay's headset during 

the real-time analysis phase of the inventive method and is discussed further in Section 62(d), 

The interpretation table 420 provides a means to associate text messages with each 
enumerated assay result and is discussed fiirther in Section 6.2(e). 

30 
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Preprocessing Example 

Consider an assay beadset designed to simultaneously detect four analytes: analyte-A. 
analyte-B. analyte^!. and analyte-D. Tlius. the assay's beadset is comprised of four bead 
subsets, each labeled for a different analyte. Suppose further that the assay beadset is to be 
processed by a Becton-Dickinson Immunocytometiy Systems "FACSCAN" flow cytometer. 
For each bead processed, the "FACSCAhT measures forward light scatter, side light scatter, red 
fluorescence, orange fluorescence, and green fluorescence. Let classification parameter C, be 
forward light scatter, classification parameter Cj be side light scatter, classification parameter Q 
be red fluorescence, classification parameter C, be orange fluorescence, and measurement 
parameter F„ be green fluorescence. (This notation implies that each bead in a subset is labeled 
with a green fluorophorc bearing, for example, an antibody or dye specifically targeted to that 
subset's analyte.) ' 

After preparing each of the four subsets and before they are combined to form the assay 
beadset, they are processed by the flow cytometer and their measured data are accumulated: 
values for each of the parameters C,. Cj. Cj. and F„, are recorded for each bead. Each bead 
subset is similarly processed. Completion of this task constitutes completion of baseline data 
acquisition. 



Using baseline data, the assa/s beads are clustered in the four-dimensional parameter 
space defined by C,. C^, Cj, and C^. The result of this cluster analysis is that each subset is 
characterized by a mean and standard deviation (c) for each of its four classification 
parameters. See Figure 5. As previously noted, the precise number of individual beads 
contained in any given bead subset can be calculated by Aose of ordinary skill m the art This 
calculation is required to obtain good statistical characterization of the subset's parameters - e.g., 
small, or relatively fixed, coefiRcicnt of variations for each parameter. 



As shown in Figure 6, the assay definition table 405 is comprised of general information 
nt to the overall diagnostic function of the assay. For instance, in a genotyping assay, each 
assay's subset's may be assigned a token used for identification: e.g., token 46 represents 
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the bead subset labeled to detect a wildtype coding sequence for a specified gene; subset tokens 
21, 50, and 5 represent subsets labeled to detect various mutant type coding sequences for a 
specified gene(s). Additionally, measurement parameter F„/s baseline (in this example the 
mean) and standard deviation values are listed. Finally, a test-type token is listed. In the current 
5 embodiment a test-type token of '0' means an OVERAJNDER intcrpretotion test is to be 
performed and a test-type token of 1' means a SHIFT interpretation test is to be perfonned. See 
Section 6.2(f) for further discussion of these issues. 

Discriminate functions are generated by viewing the assay's baseline data graphically in 
10 three dimensions and creating planes to separate the different subset clusters. These **plancs" 
are created by applyjng Fischer's Linear Discriminant to the n-dimensional classification 
parameter space. A populated discriminate function table based on the baseline data of Figure 5 
is shown in Figure 7. 

13 The discriminant function table provides a systematic means of evaluating a series of 

classification values (C/, C> C3, C4) in order to classify a bead. In general bead classification 
proceeds by entering the discriminant function table at row 0, perfomiing a test on a specified 
parameter (c.g., Q, C> Cj, or C4) and then, depencfing upon the result either classifying the 
bead or proceeding to another test which involves evaluating a different row in the table. For 

20 example, suppose bead A has the following measured classification parameter values: C/ Vj, 
Cj ^ V2, Cs^ V^, and C4 = V4. Classification of bead A via the discriminant function table of 
Figure 7 begins as follows (the pseudo-code below would demonstrate to those skilled in the 
art of programming the logic involved in the classification process): 

25 I . Enter table at row 0 with measured values for C/, C> Q, and C^. 

2. If (LOW VALUE = 500) £ (PARAMETER = Q = Vj) ^ (HIGH VALUE « 620) then 
(result = TRUE), else (result = FALSE). 

3. If (result = TRUE) and (TRUE ROW ID ;t Q), then reenter table at TRUE ROW ID, else 
4. If (result « TRUE) and (TRUE ROW ID = 0), then (class = TRUE TOKEN). 
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5. If (result = FALSE) and (FALSE ROW ID ^ 0). then re-enter table at (row = FALSE 
ROW ID), else 

6. If (result ^ FALSE) and (FALSE ROW ID = 0), then (class = FALSE TOKEN). 
7. If (TRUE TOKEN or FALSE TOKEN) = 0, then (class = reject class). 

One of ordinary skill will recognize from the above discussion that a discriminant 
function table embodies a (classification) decision tree. Figure 8 shows this relationship for the 
discriminant function table of Figure 7 explicitly. A discussion of the discriminant function 
table as it relates to the real-time processing of an exposed assay beadset is provided in Section 
62(d). Once a beadset is preprocessed, the data may be employed in real-time analysis of many 
assays using that set. One of ordinary skill in the art wiU also recognize that instead of a 
decision tree, a bitmap^or look up table could be used to classify the bead sets. 

Real-Time Analysis i, 

Once a collection of bead subsets have been characterized as described above and 
combined to forafi an assay beadset, the beadset may be exposed to a test sample. Tliat is, they 
may be used to analyze a clinical sample. After exposure the beadset is ready for real-time 
analysis. The real-time analysis phase is initiated by installing the exposed beads into a 
conventional flow cytometer for processing. 

As described above, for each bead processed a flow cytometer 100 generates electrical 
signals mdicative of a plurality of measured parameters, C, ... C„ F^, ... These values are 
transmitted to computer 105 via data bus 110 and interface board 115. Values for a bead's 
classification parameters Q ... C„ are used to evaluate the assay's discriminant functions, as 
encoded in a discriminant function table 410, the result of which is an initial classification of the 
bead into one of the assay's bead subsets or a reject class. 

After this im'tial classification, a bead's measured classification parameter values ... 
C« can be checked against tiicir (C; ... Q baseline values to determine if it is "reasonable** to 
classify the bead as belonging to the mitially identified class. In a current embodiment, this 
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reasonableness test is implemented by computing the distance between the measured 
classification parameter values and the mean values obtained during preprocessing. If the 
measured values for C, ... C„ for a particular bead are sufficienUy distant from the identified 
subsets baseline values, the bead is assigned to a reject class. Use of this technique allows for 
the rejection of beads that were initiaUy misclassificd and unproves the overall reliabUity of the 
analysis. 

To ensure proper classification, a preferred embodiment' s pooled headset will include a 
bead subset which has no bound reactants (e.g., a placebo bead subset) in a known ratio to the 

headset's other subsets. 

It is noted tha^ when a headset is comprised of beads manufactured in a single batch, the 
above described reasonableness test can be incorporated into the linear discriminant functions by 
creating reject space between all subsets. However, when a headset is comprised of beads ftom 
more than one bat^ a Euclidean (or simUar) distance measure is needed to validate the 
classification result 

Once a bead is assigned its fmal classification, the assay's results table 415 is updated to 
reflect the newly classified bead's measurement parameter values F„, ... /w This data 
acquisition, classification, and update process is repeated for each bead in the assay headset in 
real-time. Figure 9 shows, in block diagram form, the general steps performed during the real- 
time analysis phase of a method in accordance with the invention. 

In one embodiment the following data are accumulated in the results table for each class 
(subset) of bead in the assay: (1) total count of the number of beads detected in the specified 
class. (2) a running sum for each measurement parameter F„, - (3) for each measurement 
parameter the total count of the number of beads in the class whose measurement value is less 
than the parameter's baseline value, and (4) for each measurement parameter the total count of 
the number of beads in the class whose measurement value is more than the parameter's baseline 
value. 
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Real-Time Analysis Example 

In the illustrative embodiment introduced in Section 6.2(c), the assay headset is designed 
to simultaneously detect four analytes using four classification parameters (C; represents 
forward light scatter, represents side light scatter, Q represents red fluorescence, and Q 
represents orange fluorescence) and one measurement parameter {F^^ representing green 
fluorescence). After exposing the headset to a suitable biological sample, it is placed into a flow 
cytometer 100 which processes each bead (e.g., measures parameters C,. and F^,) 

and transmits to computer 105 signals indicative of these measurements via data bus 110 and 
interface board 115. 

For each bead processed by the flow cytometer, values for C,. Cj, Q. and Q are 
evaluated in accordant with the discriminant function table shown in Figure 7 to initially 
classify the bead as belonging to a particular subset, for example, in a genetic analysis intended 
to detect mutations i».the Kras oncogene, the classiflcation could proceed as follows: (1) class 
46, Kras CODON 46 WILDTYPE, (2) class 21, Kras CODON 21 MUTANT, (3) class 50, Kras 
CODON 50 MUTANT, (4) class 5, Kras CODON 5 MUTANT, or (5) a reject class. (See 
Figure 8 for a decision tree representation of the discriminate function table of Figure 7.) If the 
bead is initially classified as belonging to any class except the reject class, a reasonableness test 
is performed on the bead's classification parameter values, C, - C„. For example, if the bead 
received an initial classification of class 50 and its Cj value is more than two standard 
deviations away from its mean, tiie bead is given a final classification of reject. Otherwise the 
bead's firud classification is the same as its initial classification - 50. 

If the bead's final classification is other than reject, its F^^j value is used to update the 
assay's results table in the following manner (see Figure 10): 

1 . Identifying, based on the bead's classification token (i.e., subset token 46, 2 1 , SO, or 5), the 
row in the results table v^ch is to be updated. 

2. Incrementing the identified row's COUNT value. The COUNT value reflects the total 
number of beads of the specified class that have been identified during the analysis. 
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3. Adding the bead's F„, value to the value contained in the row's SUM column. The SUM 
value reflects a running sum of the identified classes measurement values. 

4. If the bead's F„, value is greater than f„,'s base value (determined during the 
preprocessing phase, see Figure 6). then incrementing the loWs OVER COUNT value. 
The OVER COUNT value reflects the total number of beads of the specified class that 
have been processed whose F„, values are above thai of baseline. 

5. If the bead's F., value is less than FJs base value (as determined during the 
preprocessing phase, see Figure 6). then incrementing the toWs UNDER COUNT value. 
The UNDER COUNT value reflects the total number of beads of the specified class that 
have been processed whose F„, values are below that of baseline. 

In a preferred ymbodiment. data (i.e., count, and measured F„, values) for each bead 
classified as a reject can also be collected. 



Interpretation 



Following the real-time classification and accumulation of results as described above, die 
user may select to see a text based presentation or interpretation of the assay's numerical results. 
During the interpretation phase the assay's real-time numerical results are associated with textual 
explanations. These textual explanations can be displayed to the user. 

It is tiie function of die interpretation table 420 to associate textual descriptions of an 
assay's possible outcomes with an actual assay's numerical resuhs. Each row fa the 
interpretation table provides die necessary information to make a single interpretation and 
typically includes entries for (1) die assay's name, (2) a subset token identifying tiie class or 
subset on which the faterpretation is based. (3) an outcome identifier for the identified subset, 
(4) a test-type token, (5) high and low discriminant values for each measurement parameter 
utilized in die identified te^ and (6) a text string describing die row's result 

The test-type token identifies which one of a possible plurality of interpretation tests to 
perform on die collected (real-time) data during die interpretation phase. In a current 
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embodiment the test-type token is either 'ff or T. A value of '0' indicates an OVERATNDER 
interpretation test is to be perfonned. A value of T indicates a SHIFT inteipretaiion test is to be 
performed. These tests are defined in the following manner 



OVERAJNDER Test Value = O^COVm 

UNDER COUNT 



SUM/ 

SHIFT Test Valuer /CQUNT 

Baseline Value ' 

where the variables OVER COUNT, UNDER COUNT. SUM, COUNT, and baseline F are 
described above in Section 6 J(d). 

The OVER/UNDER test is generally used for qualitative measurements where the level 
of reactivity of beads is an indication of the condition or concentration of a biomolecule present 
in the sample. The shift test is used where the result sought is a determination of the a 
minimally detectable level of a particular biomolecule. One of ordinary skill will recognize that 
many other tests could be perfonned. Examples include ranking, stratification, ratio of means to 
a standard, or to each other, etc. 

In general an interpretation table 420 may associate any number of entries or 
interprctarions (e,g., rows within the table) with a single assay class or bead subset For 
instance, bead subset Y could have a single measurement parameter (F„y) associated with it and 
this measurement parameter could indicate, depending upon its value, that one or more 
interpretations are appropriate. 

Note, the contents of the interpretation table 420 are generated during die preprocessing 
phase. This implies that the target assay be understood and that the various assay results be 
considered prior to construction of multiplexed assays. 
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Interpretation Example 

Consider again the assay headset, introduced above, designed to simultaneotisly detect 
four analytes. Figure 11 shows a sample interpretation table for this assay. Interpretation of the 
assay's real-time numerical results is initiated by. for example, the user selecting "interpret 
results" via the inventive methods graphical user interface. 

As described above, each bead subset (class) within an assay has an entry or row in the 
results table. Figure 10. The general procedure for interpreting an assa/s real-time numerical 
results is shown in flow-chart form in Figure 12. In general, each row of the results table is 
matched against every row in the interpretation table with the same subset token. If the result of 
performing the spcci^ed test is between the identified row's low and high values, then the 
associated textual message is displayed to the user. When all rows in the interpretation table for 
a single results table row have been checked, the next results table row is evaluated. This 
process is repeated until the every row in the interpretation table has been compared to the 
appropriate results table entry. 

As a specific example, consider the interpretation of subset 50's (KRAS CODON 50 
MUTANT, see Figure 6) results table entry. The subset's token, 50. is used to identify three 
rows m the interpretation table (having outcome IDs of 1, 2, and 3) that contain information 
regarding evaluation of the mutant analyte. For the first identified row, the test-type token 
indicates a SHIFT type interpretation test is to be performed. Performing this test, as defined 
above, yields: 



WU/ 1,700,000/ 

SHFIT«,V.l...-f^%m ^-,0 

Baseline F. Value 1 70 



Next, the computed SHIFT test value is compared against each interval in the identified 
rows of the interpretation table. For tiie row having OUTCOME ID equal to 1, since (LOW 
VALUE = 10) ^ SHIFT Test Value « 10 ^ (HIGH VALUE = 667) is true, that row's 
INTERPRETATION entry - "identical complementary sttand"" - is displayed to the user. This 
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process is repeated for subset 50's remaining two rows in the interpretation table. Further, this 
process is repeated for each row in the resultrtable. 

The result of the interpretation phase is a series of textual messages that describe the 
results of the assay. Conclusion of the interpretation phase marks the end of the assay. 

Operational Considerations 

Assay definition, discriminant function definition, and interpretation tables are created at 
the time an assay headset is created. Baseline classification data is collected only once for a 
given assay. Thai is, once an assay is defined and its baseline data is obtamed, any number of 
headsets can be manufiactured to perform the analysis. To allow this "sharing" of baseline data 
the assay headset may Contain a center or calibration bead subset 

As would be taown to those of ordinary skill in the field, a calibration headset can be 
used to adjust any given flow cytometer to a standard. Calibration headsets are typically 
processed separately from an assay. Further, calibration is generally performed daily. The 
purpose of calibration is to adjust the sensitivity of a flow cytometer's photomultipliers to 
accommodate day to day and machine to machine differences. 

Unlike prior art calibration techniques which are performed manually, the processing of 
a calihration headset and the adjustment of flow cytometer operational parameters (e.g., 
photomultiplier voltages) is performed under software control automatically. See microfiche 
appendix A for embodiment details. 

Antibody Detection 

Assays for antibody are widely used in medicine and clinical analysis for an wide variety 
of purposes, fcom detection of infections to determination of autoantibody. The following 
example illustrates use of the inventive method in an antibody assay and assumes the use of a 
flow cytometer capable of providing at least five measurements for each bead processed: 
forward light scatter as classification parameter C/, side light scatter as classification parameter 
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red fluorescence as classification parameter Cj, orange fluorescence as classification 
parameter Cy, and green fluorescence as measurement parameter F„y. 

In one method a number of bead subsets, e.g., subsets 1 through 10 (identified as sSl- 
sSIO), are prepared, for example, by using a cell sorter to sort a heterogeneous population to 
collect a homogeneous subset or alternatively, by preparing the beads using tightly controlled 
specifications to ensure production of a homogeneous subset. Each subset is distinguishable by 
its characteristic pattern of classification parameters C/, C> and The beads in each 
subset are then labeled with a different antigen such as AgA, AgB, etc. so as to create a 
collection of labeled subsets as follows: sSl-AgA, sS2-AgB, sS3-AgC, sS4-AgD, sS5-AgE, 
sS6.AgF, sS7-AgG, s^8-AgH, sS9-AgI, and sSlO-AgJ. 

Antigens AgA through AgJ may be attached to the beads by any of a number of 
conventional proceduto such as by chemical or physical absorption as described by Colvin et 
al., **The Covalent Binding of Enzymes and Immunoglobulins to Hydrophilic Microspheres" in 
Microspheres: Medical and Biological Applications, 1-13, CRC, Boca Raton, FL, 19S8; 
Cantarero et al., "The Adsorptive Characteristics of Proteins for Polystyrene and Their 
Significance in Solid-Phase Immunoassays,** Anal. Biochem., 105, 37S-382 (1980); and Ilium et 
al., **Attachment of Monoclonal Antibodies to Microspheres," Methods in EnzymoL, 112, 67-84 
(1985). 

After, attachment of antigen to the beads' surface, aliquots from each subset are mixed to 
create a pooled or assay headset, containing known amounts of beads within each subset. 
Preferably, the pooled set is prepared with equal volumes of beads from each subset, so that the 
set contains about the same number of beads from each subset. 

The assay headset may then be incubated with a fluid sample of interest, such as serum 
or plasma, to test for the presence of antibodies in the fluid that are reacdve with antigens on the 
beads. Such incubation will generally be performed under conditions of temperature, pH, ionic 
concentrations, and the like that facilitate specific reaction of antibodies in the fluid sample with 
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aatigea on the bead surface. Afier a period for binding of antibody, the beads in the mixnire are 
centrifaged. washed and-incttbated-(agam under controlled conditions) for another period of time 
with a "secondary" antibody such as. for example, Ouorescein labeled goat anti human 
immunoglobulin. The secondary antibody will bind to and fluon«cently label antibodies bound 
to antigen on the beads. Again after washing (or without washing), the beads are processed by 
the flow cytometer and the four classification parameter forward light scatter . side Ught scatter, 
red fluoiescence, and orange fluorescence are measured and used to identify the subset to which 
each bead in the assay headset belongs. A simultaneous measurement of green fluorescence 
(measurement parameter) for each bead allows one to detennine whether the bead has antibody 
bound to it Because the subset to which a bead belongs is conelaled with the presence of a 
particular antigen. e.g.. sSl-AgA, one may readily determine the specificity of the antibody 
bound to a bead as a flmction of the subset to which it belongs. 

Three different amigen-anUbody pairs were , used in a multiplex experimem 
<iemonstrating the ability to detect the presence or absence of several antibodies in a single 
sample. Antigens were coupled to latex microspheres via carbodiimide coupling, and the 
corresponding antibodies were fluorescently labeled with fluorescein isothiocyanate (green 
fluorescence -/r,). Each antigen was coupled to a unique microsphere. BaseKne data for the 
fluorescent antibodies and antigen-microsphere complexes used in this experimem are shown in 
Figure 13a. Baseline dau for the three bead subsets of Figure i3a are given in Figure 13b. 

The absence of fluorescence (C, and Q) immediately discriminates the clear beads 
(subset 50) from beads in the other two subsets. Subsets 45 and 30 were fimher discriminated 
by side light scatter (C,) and red fluorescence (Q). Linear discriminant functions based on 
these observations and created as described in Section 6.2(c); are shown in Figure 13c. 
Accepting only clear beads with side light scatter {€,) within ± 0.25 standard deviations of the 
mean, doublets (two beads stuck together) were eliminated from the analyses. The remaining 
beads were classified by red fluorescence {€,) at a midpoim of 59.6. A decision tree based on 
the discriminant function table (Figure 13c) is shown in Figure 14. 
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In this experiment, each of four samples (e.g., blood serum from four patients) contained 
all three antigen-microsphere complexes and either 1 or 2 diETerent fluorescent antibodies in 
PBS buffer. After addition of the antibodies, the reactions were incubated at room temperature 
for 45 minutes, and then analyzed on the "FACSCAN" using side light scatter (C/), orange 
fluorescence (C^), and red fluorescence (Cj) as classification parameters. Green fluorescence 
was used as the measurement parameter {F^; an increase in green fluorescence by 30-foId 
mdicates a specific interaction between an antigen and its corresponding fluorescinated 
antibody. In other words, if a subset's mean measured F„ value is greater than 30-foId times that 
subset's baseline F« value, then the target analyte is determined to be present These 
"interpretive" observations are embodied in the interpretation table shown in Figure 13d. 

Once the assay database was built, it was tested by running 5,000 beads from each bead 
subset individually through the system. After rejecting 23.8% of the beads as doublets, the 
remaining crimson beads (subset 18) were classified with 99.88% accuracy. Daric red beads 
(subset 45) were classified with 99.96% accuracy with 22.9% rejected as doublets. Clear beads 
(subset SO) were classified with 1 00% accuracy with 9.4% of the beads rejected as doublets. 

The three bead subsets were pooled to form an assay headset and divided into 4 sample 
tubes and processed by the system shown in Figure 1. The contents of each sample and the 
mean measured fluorescence (F„) for each bead subset are listed in Figure 13e. The inventive 
method correctly identified the antibody or antibodies present in each sample. 

An Experimental Refinement 

In an alternative embodiment using a C4 (e.g., orange fluorescence) labeled reactant as a 
classification parameter, a variety (for example five) of protein antigens are employed. Bead 
subsets are first generated based on differences in one or more of Q, Q, and Cj. Next, a 
selected antigen labeled with Cy3NHS (an orange fluorophorc) is bound to the beads in each 
subset. To minimize the measured orange fluorescence coefficient of variation for each bead 
subset, the beads are sorted m\h a high speed cell sorter so that only a narrow range of antigen 
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(orange fluorophore) is found on each bead within a subset Care should be tako, to select or 
prepare-the-beadsetsaihat different C, values are measured/obtained for each of the (e.g.. five) 
different antigens used. In other words, the measured intensity of C, for AgA should differ from 
the measured intensity of Q from AgB, etc. To ensure that unifonnity is achieved, saturation 
I binding with fluorcsceinated monoclonal antibody is tested - each bead ought to have restricted 
ranges of both orange and green fluorescence. While the construction of headsets by this 
method is more laborious, the increase in measurement precision may be useful and will allow 
the samplmg of fewer beads to arrive at a suitable determination of antibody concentration. 

The assays previously mentioned measure any antibody widi specificity for antigen upon 
an appropriately labeled bead. The antigen can be quite simple or ladier complex and thus, the 
inventive methods can measure a highly restricted antibody or a broad anay of antibodies. For 
example, a hexapeptide just large enough to bind to a monoclonal antibody can be employed as 
antigen or a large protein with many epitopes can be used. One of ordinary skiU will recognize 
that die level of antibody eventually found associated witii the bead (F„i) U a function of die 
number of epitopes per bead, the concentration of epitopes, tiie amount of antibody and the 
affmity of die antibody and the valence of tiie antibody-antigen interaction. 

Displacement Assays 

Assays for many substances in a clinical laboratory are based on the interference with " 
specific ligand-ligate or antigen-antibody interactions. In tiiese assays, one member of the 
ligand-ligate pair is labeled with the F„ fluorophore and one member is unmobilized on the 
beads. Soluble, unkibeled material (analyte) .which may be Ugand or ligate. is added to the 
reaction mixture to competitively inhibit mteraction of the labeled component witii the 
inunobilized component It is usually not important which member of the pair is labeled and 
which is unmobilized; however, in certain assays, fiinctional advantages may dictate die 
orientation of the assay. 

In an exemplary assay of diis type, each bead subset is modified wiUt an antigen. The 
antigen-coated beads are then reacted witii an F„ labeled antibody specific for the antigen on the 
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bead surface. Subsequent addition of a test fluid containing soluble analyte (inhibitor) will 
displace the F„ labeled antibody from the beads in direct proportion to the concentration of the 
soluble analyte. A standard curve of known analyte concentrations is used to provide accurate 
quantification of analyte in the test sample. 

One of ordinary skill will recognize that the time necessary to achieve equilibrium may 
be quite lengthy due to the kinetics and association constant of the interaction. To lessen the 
dme required for the assay, the fluid containing the headset may be subjected to dissociating 
conditions such as a change in pH, ionic strength or temperature, after mixture of the headset 
with the sample to be tested. Alternatively, the F„ labeled component may be added to the 
headset after addition pf the test sample. In either case, it is not necessary for equilibrium to be 
achieved to determine analyte concentration if the kinetics and linearity of the assays have been 
established. 

Additional Experimental Examples 

The following series of experimental examples illustrates how the above referenced 
techniques can be used in practice in effective diagnostic assays. In one embodiment for 
example, a competitive inhibition analysis is used to quantitate levels of selected analytes, here 
IgG, IgA, and IgM. A second experimental refinement demonstrates the utility of multiplexed 
assays in epitope mapping of a monoclonal antibody. In one embodiment, that approach 
involved the use of antibody detection technology using a fluoresceinated monoclonal antibody 
in combinatorial epitope screening (e.g. of peptide libraries) to map a particular epitope to which 
a monoclonal antibody of interest bound, together with a displacement (competitive inhibition) 
aspect to demonstrate the specificity of the assay. Also described is a ToRCH assay for 
screening of human senun for antibodies to a number of infectious agents known to pose special 
hazards to pregnant women. Allergy screening is exemplified by detection of serum Ig£ against 
a panel of grass antigens. Yet an additional experimental example reflects the ability of the 
multiplexed assay in pregnancy testing, e.g. in testing for hormones or other analytes conimonly 
elevated during pregnancy. Each of these examples is set forth below. 
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SimuJtancous competitive inhibition assay of human immunoglobulins G. A and M levels in 
senim 

This example illustrates the detennination of multiple analyte levels in a liquid sample 
simultaneously using competitive inhibition analysis. TTie use of a competitive inhibition assay 
to accurately detennine analyte levels in liquid solutions is a commonly used foraiat for many 
analyte assays. TTie uniqueness of this assay is the simultaneous detemiination of three distinct 
seram proteins at the same time in the same tube from one senim sample. 

Immunoglobulins G. A and M are three distinct serum proteins whose levels are 
deteimined by a number of genetic and environmental factors in human serum. As changes to 
these levels may indi«te the presence of disease, clmicians often request assay determinations 
of IgG, A and M using conventional techniques. The most common technique is nephelomctiy 
that depends upon the absoiption of light by precipitates formed between these 
inmmnoglobulins and antibodies made in animals to the human immunoglobulins. As these 
inununoglobulins are present in human serum at fairly high levels, this type of assay is 
sufBcient. Nephelometry however suffers from a number of limitations including the need for 
laige quantities of reagents. long reaction times for precipitation to equilibrate and an inability to 
perform more than one reaction per tube or sample. 

Three competitive inhibition assays are described, one for human IgO, one for human 
IgM and one for human IgA using tiuee Differentially Huorescent Microspheres (DFM). Each 
assay consists of a DFM coated with the immunoglobulin of choice and a polyclonal, goat anti- 
human Ig labeled widi a green fluorescent molecule (Bodipy). In the absence of inhibitor, the 
Bodipy -antibody causes the immunoglobulin (Ig) coated microsphere to emit green 
fluorescence (FJ. In the presence of inhibitor (soluble Ig), the green signal is reduced. Each 
assay is balanced to reflect a sensitivity lange near die physiological level of the Ig in question at 
a 1:500 dUution of human serum. Once balanced, the three assays were combined mto a 
multiple analyte format and assayed simultaneously using flow cytometry. 
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Antibody labeling: Goat anti-human IgG, goat anti-human IgA, and goat anti-human IgM 
antibodies (Cappel Division, Organon Teknika, Durham, NC) were labeled with Bodipy FL- 
CASE (Molecular Probes, Inc., Eugene, OR) using methods described by the manufacturer of 
the Bodipy succinymidyl ester. The resulting Bodipy labeled antibodies were stored in PBS 
containing 1 mg/mL BSA as stabilizer. 

Antigen coniupation to microspheres: Four DFM (5.5 carboxyiate, Bangs Laboratories, Inc. 
(Cannel, IN), dyed by Emerald Diagnostics, Inc. (Eugene, OR)) were conjugated separately to 
human IgG, human IgA, human IgM (Cappel Division, Organon Teknika, Durham, NC) and 
BSA with a two-step EDC coupling metiiod (Pierce Chemicals, Rockford, IL) using sulfo-NHS 
to stabilize the amino-pactive intermediate. 100 pL of each bead type (42 x 10^ microspheres) 
was activated for 20 muiutes in a total volume of 500 ixL containing 500 pg of EDC and Sulfo- 
NHS in 50 mM sodium phosphate buffer, pH 7.0. The microspheres were washed twice with 
500 \iL PBS, pH i'A using centrifiigation at 13,400 x g for 30 seconds to harvest the 
microspheres. Activated, washed beads were suspended in 250 \iL of a 0.05 mg/mL solution of 
protein in PBS, pH 7.4. After 1 hour, the microspheres were blocked by addition of 250 pL of 
1.0 mg/mL BSA, 0.02% Tween, 0.2 M glycine, in PBS, pH 7.4 and incubated for an additional 
30 minutes. Protein coated microspheres were washed twice with 500 \iL 0.02% Twcen 20, 1 
mg/mL BSA in PBS, pH 7.4 (PBSTB). and stored in PBSTB at approximately 3,000,000 
microspheres/mL. Microsphere concentrations were detemiined using a hemacytometer. 

Determination of appropriate ranges of quantitation for each Ig assav: The normal range of 
human Ig levels in serum as reported in Clinical Chemistry: Principles and Technics, 2nd 
Edition, Edited by R.J. Henry, D.C. Cannon and J.W. Winkleman are 569-2210 mg/dL for IgG, 
51-425 mg/dL for IgA and 18-279 mg/dL for IgM. Each inhibition assay was designed to be 
sensitive to inhibition across these ranges. 

Single analvte assav: 10 jiL of dilutions of a serum calibrator with known Ig levels (Kamiya 
Biomedical, Thousand Oaks, CA) was first mixed with 10 |iL of Ig loaded microspheres 
containing 7,500 beads. Next, 10 jiL of the Bodipy-labcled Goat Anti-Ig was added and the 
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mbcture mcubated at ambient temperature for 30 minutes. The mixture was diluted to 300 in 
PBSTB and assayed by flow cytometry. For IgG, the Bodipy-labeled goat anti-hIgG was used 
at 30 iigfmL. For IgA. the Bodipy-labeled goat anti-hlgA was used at 8 ^gftnL. For IgM, the 
Bodipy-labeled goat anti-hlgM was used at 2.5 fig/nxL. 

Cross reactivity assnr Equivalent amounts of each of the four protein loaded microspheres were 
mixed to produce a bead mixture. 10 of the bead mixture (7.500 microspheres) was mixed 
with 10 of diluted serum calibrators of known Ig level. The assay was initiated by addition 
of 10 iiL of . one of the Bodipy-labeled antibodies "spiked" with a small quantity of soluble Ig 
antigen to alleviate the -hook effect". TTie mixtures were incubated for 30 minutes, diluted to 
300 ML in PBSTB and assayed by flow cytometry. As before for the single analyte assay, the 
Bodipy-labeled goat anti-hlgO was used at 30 pg/mL. For IgA. the Bodipy-labeled goat imti- 
hIgA was used at 8 ^g/mL. For IgM. the Bodipy-labeled goat anti-hlgM was used at 2.5 
Hg/mL. The quantitiA of antigen "spikes" were 1.6 ng/mL for IgG. 0.6 ng/mL for IgA and 0.4 
Hg/mLforlgM. 

Multiple aiialYtf- q ^ qy; Equivalent amounts of each of the four protein loaded microspheres 
v«re mixed to produce a bead mixture. 10 of the bead mixnire (7.500 microspheres) was 
mixed with 1 0 nL of dUuted serum calibrators of known Ig level as well as three other calibrator 
sera of known Ig level to serve for this purpose as unknowns. The assay was initiated by 
addition of 10 nL of a mixture of the three Bodipy-labeled antibodies "spiked" witii a small 
quantity of the three soluble Ig antigen- to alleviate the "hook effect". The mixtures were 
incubated for 30 minutes. dUuted to 300 nL in PBSTB and assayed by flow cytometry. As 
before, tiie Bodipy-labeled goat anti-hlgG was used at 30 Mg/mL. For IgA. the Bodipy-labeled 
goat anti-hlgA was used at 8 jig/mL. For IgM. the Bodipy-labeled goat anti-hlgM was used at 
2.5 Mg/mL. The quantities of antigen "spikes" were 1.6 jig/mL for IgG, 0.6 Hg/mL for IgA and 
0.4 ng/mL for IgM. 
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Results 

IgG single analvte assav: Results of the single analyte inhibition analysis for IgG level is shown 
in Table 1 and Figure ISA. This assay was designed to be most sensitive to inhibition in the 
anticipated range of IgG in human senim at a 1:300 dilution. In Figure ISA, the area of the 
inhibition curve between the dotted lines, left and right, cover the range of sensitivity. In this 
case, the inhibitor was known amounts of human IgG from a serum calibrator diluted into 
human serum containing no IgG, IgA or IgM. Dilutions of the calibrator were then diluted 
1:500 m PBSTB and included as inhibitor in the assay. The Bodlpy-Iabeled anti-hIgG was used 
at 30 ^g/mL in PBSTB. 7,500 microspheres were used in this experiment and 250 were counted 
by flow cytometry. Note that as the amount of soluble IgG increased, the degree of inhibition as 
monitored by the of increased proportionally until saturation of the system was 
achieved. On the other end of the inliibition curve note that the lower levels of soluble inhibitor 
caused an elevation in the MIF of F„ as compared with the negative control (human serum with 
no Ig). This "hook effect" is common in immunoassay and can be adjusted up or down the 
inhibition curve by adjusting both the amount of antibody and antigen in the soluble portion of 
the assay. The "hook effect** was most prominent in the IgG assay due to the higher 
concentrations of both antigen and antibody per microsphere. This was necessary as IgG is 
found in scnmi at higher concentrations than IgA or IgM. 

IgA single analvte assav: Results of single analyte inhibition analysis for IgA level is shown in 
Table 1 and Figure 15B. This assay was designed to be most sensitive to inhibition in the 
anticipated range of IgA in human serum at a 1:500 dilution. In Figure 15B, the area of the 
inhibition curve between the dotted lines, left and right, cover the range of sensitivity. In this 
case, the inhibitor was known amounts of hiunan IgA from a serum calibrator diluted into 
human serum containing no IgG, IgA or IgM. Dilutions of the calibrator were then diluted 
1 :500 in PBSTB and included as inhibitor in the assay. The Bodipy-labeled anti-hlgA was used 
at 8 ^ig/mL in PBSTB. 7,500 microspheres were used in this experiment and 250 were counted 
by flow cytometry. Note that as the amoxmt of soluble IgA increased, the degree of inhibition as 
monitored by the MIF of F„ increased proportionally until saturation of the system was 
achieved. On the other end of the inhibition curve note that the lower levels of soluble inhibitor 
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IgG cross-reactivity experiment that the MIF of F„ for negative control is higher than the lowest 
concentration of inhibitor. By spiking the experiment with 1.6 [ig/mL IgG the hook effect has 
no effect at the lower end of inhibitor range leading to a more accurate assay over the entire 
dynamic range. 

GAM simultaneous analysis: Equivalent numbers of the IgG, IgA, IgM and BSA beads were 
mixed to make a GAM mixed bead set. To 10 of the bead set (7^00 microspheres) was 
added 10 fiL of dilutions of the calibrator containing IgG, IgA and IgM. Also included were 
several additional calibrators that served as unknowns for the demonstrative purpose of this 
assay. The multiple analyte assay was then initiated by adding 10 of a mixture of the 
Bodipy-labeled anti-I^G, IgA and IgM plus the soluble Ig "^spikes". Afier a 30 minute, room 
temperature incubation the reaction mixture was diluted to 300 \iL and 1000 microspheres 
counted by flow cytometry. Tables 3-5 and Figures 17-19 show the results of these assays. For 
each of the inhibition curves produced, a polynomial trendline was used as a non-linear 
regression analysis. The fit of this trendline to the data was demonstrated by the correlation 
factor (1.0 is a perfect fit). The factors of the polynomial fomxula were used to predict die 
quantity of inhibitor in each dilution of calibrator and "unknown" senmi. The differences 
between the predicted inhibitor quantities and actual amounts were also included in Tables 3-5. 
Results indicate that this multiple analyte mhibition assay can determine the level of these 3 
scrum proteins with an error of less than 10 %. CoefBcicnts of variation (CV) between the 
triplicate data points indicated that the assay was highly precise (no CV greater than 6%). 
Limits of quantitation for each assay were 400 - 3000 mg/dL for IgG, 60- 455 mg/dL for IgA, 
and 36 - 272 mg/dL for IgM, Figure 20 shows the results of the three assays graphically 
represented on the same graph as all three assays were performed at the same time in the same 
tube. 

A multiple analyte, contpetitive inhibition assay for human serum IgG, IgA, and IgM 
levels has been developed. This assay, that allows the simultaneous assay of these three protein 
levels in serum diluted 1:500, demonstrated excellent sensitivity ^ precision and accuracy. 
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TABLE 2: Cross-reactivity analysts in multiple analyte assay 
1) GAM Beads reacted with anti-IgG -Bodipy @ 30 rig/mL + Ag spikes. 
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GAM Beads reacted with anti-IgA •Bodipy @ 8 ftg/mL Ag spikes. 
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TABLE 3: Multiple analyte IgG inhibition data 
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DifTerence 


1 




1917 




2 


0 


1943 


1926 


0.6% 


na 


na 


3 




1918 




4 




1811 




5 


400.4 


1737 


1772 


1.7% 


399J 


0.3% 


6 




1767 




7 




1408 




8 


560.6 J 


1529 


1471 


3.4% 


566.9 


-1.1% 


9 




1476 




10 




1250 




11 


784.8 


1163 


1236 


4.4% 


7753 


1.2% 


12 




1295 




13 




852 




14 


1099 


867 


862 


0.8% 


1102.5 


-0.3% 


IS 




868 




16 




661 




17 


1538 


726 


691 


3.9% 


1556.1 


-1.2% 


18 




687 




19 




575 




20 


2154 


575 


580 


1.1% 


2126J 


IJ% 


21 




589 




22 




461 




23 


3015 


466 


468 


1.5% 


3025.1 


-0J% 


24 




478 
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TABLE 4: Multiple analyte IgA inhibition data 



Tabe# 


WgA 
mg/dL 


MIF 
of Fm 


Average 
MIF 


MIF 
CV 


Calculated 
mg/dL 


% 

DifTerenee 


1 




1954 




2 


0 


1941 


1952 


0.4% 


na 


na 


3 




1960 




4 




1661 




5 


60.5 


1664 


1665 


0.2% 


60.5 


0.0% 


6 




1669 




7 




1222 




8 


84.7 1 


1391 


1307 


5.3% 


84.7 


0.0% 


9 




1308 




10 




1055 




11 


118.6 


974 


1051 


5.9% 


118.6 


0.0% 


12 




1125 




13 




615 




14 


166.1 


595 


606 


1.4% 


166.1 


0.0% 


15 




607 




16 




376 




17 


232.5 


426 


400 


5.1% 


232.6 


0.0% 


18 




399 




19 




283 




20 


3253 


280 


287 


2.9% 


325.4 


0.0% 


21 




299 




22 




193 




23 


455.7 


198 


195 


1.2% 


455.7 


0.0% 


24 




193 
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'UNKNOWNS" 




608 



621 



635 



4.7% 



116J 



-2.8% 



677 



31 



289 



315 

~3ir 



306 



3.9% 



281.0 



•4.9% 



Epitope Mapping of a Monoclonal AnUbody using Flow Cytoraetiy. 

This example'demonstratcs the screening of combinatorial chemistry products for a 
biologically active molecule. The genenttion of random chemical products for empirical 
discovery of biologically significant molecules is a method that holds gn»t promise for progress 
in numerous disciplines of science including biology, pharmacology and medicine. One general 
problem with the technique is the screenmg of large numben of unique molecules for a specific 
activity. Screening methods are required that provide high throughput levels of scieenbg with 
adequate specificity and sensitivity for detection of the biological event in question. 

An experiment was designed to demonstrate the screening of peptides for the epitope of 
a monoclonal antibody. A monoclonal antibody (MAB 384) was chosen that was produced 
using the spleen cells of a mouse hyper-immunized with a defmed peptide (amino acid 67-74) 
from the amino acid sequence of human myelin basic protein (MBP). Using the amino acid 
sequence of this region of MBP, nine overlapping octapeptides were synthesized that covered 
the predicted epitope. To the carboxyl terminal end of each peptide, glycine-lysincbiotin 
residues were added. Nine Differentially Fluorescent Microspheres (DFM) were each coated 
vdth avidin and one unique peptide of the set was linked through the avidin-biotm interaction to 
one unique member of the bead set This resulted in a set of microspheres that contained nine 
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members each carrying a unique peptide either flanking or rcFesenting the monoclonal 
antibody's epitope. The bead carrying the epitope peptide was detected using the MAB 384 
antibody labeled with a green fluorescent tag in a multiple analyte analysis. The detection was 
shown to be specific for the peptide in question by competitive inhibition and was not affected 
by high levels of free biotin. 

Antibody labeling: MAB 384 (Chemicon IntemationaU Inc., Tcmecula, CA) was labeled with 
Bodipy FL-X (Molecular Probes, Inc., Eugene, OR) using methods described by the 
manufecturer of the Bodipy succinymidyl ester; Absorbancc at 280 nm and 504 nm revealed 
that the resulting Bodipy-labeled antibody had a Bodipy to protein ratio of 3.31 and was stored 
in PBS containing 1 mg/tfL BSA as stabilizer. 

Avidin cnniuflation t» microspheres: Nine distincdy dyed DFM (5.5 jiM, Bangs Laboratories, 
Inc. (Caimel, IN), dyed by Emerald Diagnostics, Inc. (Eugene, OR)) were conjugated separately 
to Neutravidin (deglycosylated avidin) With a two-step EDC coupling metfiod (Pierce 
Chemicals, Rockford, IL) using sulfo-NHS to stabilize the amino-reactive intennediate. 20 jiL 
(8.4 milUon microspheres) of each bead type was activated for 20 minutes in a total volume of 
100 fiL containing 500 ^g of EDC and Sulfo-NHS in 50 mM sodium phosphate buffer. pH 7.0. 
The microspheres were washed twice with 100 jiL PBS, pH 7.4 using centrifugation at 13.400 x 
g for 30 seconds to harvest the microspheres. Activated, washed beads were suspended in 50 jiL 
of a 0.25 mgfaiL solution of Neutravidin in PBS, pH 7.4. After 2 hours, the microspheres were 
blocked by addition of 50 |iL of 0.2 M glycine, 0.02% Tween 20 in PBS, pH 7.4 and incubated 
for an additional 30 minutes. Protein coated microspheres were vrashed twice with 100 
0.02% Tween 20, 1 mgtoL BSA in PBS. pH 7.4 (PBSTB) and stored in PBSTB at 
approximately 3.000,000 microspheres/mL as determined by hemocytometcr count 

Peptide attachment tn microsoheres: Each of the nine DFM conjugated to Neutravidin were 
treated separately with one of the nine biotinylated peptides. 10 of biotinylated peptides at 
100 - 200 ng/mL was mixed with 10 nL of microspheres and reacted for 5 minutes follovwed by 
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2) was determined using the published amino acid sequence (Roth, HJ., et al., J. Neurosci. Res.. 
77, 321-328, 1990). The table below shows the amino acid sequence of the nine overlapping 
peptides produced for the screening assay. Note that to the carboxy-terminal end of all peptides 
was added a glycine (G)-lysine (K)-biotin. 

1 GLCNMYKDGK-biotin 

2 MYKDSHHPGK-biotin 

3 SHHPARTAGK-biotin 

4 ARTAHYGSGK-biotin 

5 HYGSLPQKGK-biotin 

6 ^ LPQKSHGRGK-biotin 

7 SHGRTQDEGK-biolin 

8 TQDENPWGK-biotin 

9 *' NPWHFFKGK-biotin 

Single vs. multiple analvte analysis: Each of the nine DFM coated with Neutravidin was reacted 
for 5 minutes with one of the nine biotinylated peptides diluted to 250 ng/mL in PBS, For 
single analytc analysis, each separate microsphere was reacted with Bodipy-labelcd MAB 384 at 
15.5 ^g/mL for 60 minutes and the mfacture assayed using flow cytometry. The Mean Intensity 
of Fluorescence (MIF) of the green fluorescence channel (FJ is shown for each peptidc-bead as 
the darker set of bars in Figure 21. The darkest bars represents single analyte analysis of each 
bead in the absence of peptide as a negative control. 

For multiple analyte analysis, the nine bead-peptidcs were mixed and then reacted with 
Bodipy-MAB 384 at 15.5 pg/mL. After 60 minutes, the mixture was assayed using flow 
cytometry and results (MIF of FJ are also shown m Figure 21. Both assays minus added 
peptide are shown as a negative control. Results indicated that peptide #5 contained the epitope 
for MAB 384. Peptides #4 and #6 although containing 3 of the epitope's amino acids showed 
little reactivity. The multiple and single analyte assays provided identical results. Numerical 
data is shown in Table 6. 
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Competitive mhihition usinff soluble epitope pppHrle- To further demonstrate the specificity of 
the assay, soluble peptide contaitung the epitope (#5) used to inhibit the reaction sho^v„ in 
Figure 21. A 10 jiL aliquot of the Bodipy-labded MAB 384 was mixed with an equal volume 
of the epitope containing peptide (HYGSLPQK) at 10 Mg/mL. After 1 hour the mixture was 
reacted with 10 jxL of the bead mixture for 1 hour and assayed by flow cytomctiy. Results 
shown in Figure 22 reveal that the reaction was significantiy inhibited to a MIF ofF^ of 53. 
Numerical data for the inhibition assay is shown in Table 7. 

gfrectsofftrehjotf n- Tie high.avidity of the biotin-avidin interaction makes it unlikely that the 
various peptides could be released or exchanged from microsphere to microsphere. To 
demonstrate that such a release or exchange does not occur under strenuous conditions the 
following experiment was perfonned. A 10 aliquot of free biotin at 10 ^g/mL (40 pM) was 
incubated with 10 of the bead-peptide mixture for 1 hour and then the microspheres reacted 
with the MAB 384 B^dipy at 15 J Hg/mL for 1 hour and assayed by flow cytometry. Results 
shown in Figure 23 indicate that the free biotin at 10 ng/mL did not displace significant 
amounts of the biotinylated epitope peptide. Numerical data for the inhibition assay is shown in 
Tables. 

This epitope mapping example demonstrates the useful application of the instant 
invention to the area of combinatorial screening. The peptide carrying the epitope for the mouse 
monoclonal antibody screened in this example was clearly identified in a set of nine peptides, 
nie identification was further shown to be specific by competitive inhibition with soluble 
epitope peptide. In addition, the stability of the avidin-biotin interaction for use with flow 
cytometry was demonstrated in an excess of free biotin. 
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TABLES 

MIFofFm 



Bead 


Peptide 
plus GL-Biotin 


Assayed 
Single 


Single 
no peptide 


Assayed 
Multiple 


Multiple 
no peptide 


70/50 


GLCNMYKD 


72 


66 


28 


28 


60/70 


MYKDSHHP 


57 


48 


36 


36 


40/70 


SHHPARTA 


47 


43 


36 


34 


40/50 


ARTAHYGS 


57 


47 


35 


27 


70/70 


HYGSLPQK 


1381 


66 


1348 


25 


40/40 


LPQICSHGR 


43 


44 


67 


25 


40/60 


SHGRITQDE 


42 


54 


35 


26 


70/60 


TQDENPVV 


73 


70 


32 


23 


70/40 


NPVyHFFK 


60 


60 


29 


21 



TABLE? 



Peptide 
plus GL-Biotin 


Assayed 
w/free Bictin 


GLCNMYKD 


4 


MYKDSHHP 


7 


SHHPARTA 


12 


ARTAHYGS 


13 


HYGSLPQK 


S3 


LPQKSHGR 


15 


SHGRTQDE 


11 


TQDENPW 


9 


NPWHFFK 


17 



wo 97/t402S 



PCT/IJS96/W398 



-60- 
TABLES 



OCau 


Peptide 
plus GL-Biotin 


MIF 
Multiple 


MIF 
w/ Biotin 


txjtjyj 


ULCNMYKD 


13 


17 


60/70 


MYKDSHHP 


17 

1 / 




40/70 


SHHPARTA 


20 


22 


40/50 


ARTAHYGS 


20 


26 


70/70 


HYGSLPQK 


915 


1023 


40/40 


LPQKSHGR 


32 


20 


40/60 


SHGRTQDE 


19 


23 


70/60 


T(^DENPVV 


31 


34 


70/40 


NPVVHFFK 


31 


36 



Multiple Analyte Simultaneous ToRCH Assay for Seroconveision. 

This example demonstrates the utility of this invention in the screening of human seium 
for antibodies to infectious disease agents. Screening of serum for antibodies to certain 
infectious disease agents is often the only method available to determine if a patient has been, or 
is infected with the agent in question. For example, a common method of diagnosing HIV 
infection is by detection of HIV specific antibodies in the serum. This phenomenon known as 
seroconversion is commonly employed for diagnosis of several important pathogenic infections. 
One of the most commonly employed assay panels of this type is the ToRCH panel. ToRCH 
assays detect both serum IgG and serum IgM responses to T^coplasma gpndil. Rubella virus, 
Cytomegalovinis. and Herpes Simplex Virus Types 1 and 2. The importance of this assay 
especially to the pregnant woman has been weir documented as any one of these infectious 
agents is capable of crossing the placental barrier and entering the immunologicaUy naive fetus. 
These infectious agents can cause severe damage to the fetus and must be avoided. Currently . 
all Torch panel assays for antibodies specific to each of these pathogens is performed 
separately in a unique assay tube or microtiter well. This invention provides for a multiple 
analyte format that allows assay for either IgG or IgM antibodies specific for each of the five 
pathogens at the same time in the same tube with the same sample. 
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A ToRCH assay using flow cytometry has been developed by coupling purified antigens 
of T, gondii Rubella, CMV and HSV Type 1 and Type 2 to five Differentially Fluorescem 
Microspheres (DFM). The specificity of the assay has been demonstrated by treating this bead 
set with human serum calibrators certified to be either positive or negative for all five agents. 
After this treatment, the bead set was treated with either Goat anti-human IgG-Bodipy or Goat 
anti-human IgM-Bodipy iised to develop the assay. In addition, a third calibrator with known 
levels of reactivity to each agent was assayed and the results reported. 

Antibody labeling: Goat anti-human IgG and goat anti-human IgM (Cappe! Division, Organon 
Teknika, Durham, NG) were labeled with Bodipy FL-CASE (Molecular Probes, Inc., Eugene, 
OR) using methods described by the manufacturer of the Bodipy succinymidyl ester. Bodipy- 
labeled antibodies were stored in PBS containing 1 mg/mL BSA as stabilizer. 

Antigen conjugation to microspheres: Five DFM (5.5 carboxylate. Bangs Laboratories, Inc., 
Carmel, IN, dyed by Emerald Diagnostics, Inc., Eugene, OR) were conjugated separately to the 
five ToRCH antigens (Viral Antigens, Inc.) with a two-step EDC coupling method (Pierce 
Chemicals, Rockford, IL) using sulfo-NHS to stabilize the amino-reactive intermediate. All 
antigens were dialyzed into PBS to remove any reactive amino groups such as sodiimi azide or 
glycine. The T. gqndii preparation (Chemicon, Inc., Temecuia, CA) was sonicated for 2 minutes 
in PBS, 10 mM EDTA to lyse the tachyzoites. 20 (8.4 million microspheres) of each bead 
type was activated for 20 minutes in a total volume of 100 fiL containing SOO |ig of EDC and 
Sulfo-NHS in 50 mM sodium phosphate buffer, pH 7.0. Microspheres were washed twice with 
200 iiL PBS, pH 7.4 using centrifugation at 13,400 x g for 30 seconds to harvest the 
microspheres. Activated and washed beads were suspended in 100 of antigen at 0.05 to 0.15 
mg/mL in PBS, pH 7.4. After 2 hours, the microspheres were blocked by addition of 100 of 
0.2 M glycine, 0.02% Twcen 20 in PBS. pH 7.4 and incubated for an additional 30 minutes. 
Antigen coated microspheres were washed twice with 200 \xL 0.02% Tween 20, 1 mg/mL BSA 
in PBS, pH 7.4 (PBSTB). and stored in PBSTB at approximately 3,000,000 microspheres/inL as 
determined by hemacytometer count. 
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Rubella assay: Rubella antigen loaded microspheres were used to examine several parameters of 
the-assay in a- single analyte fonnat prior to the perforaiance of multiple analyte assays. 10 
(30.000 microspheres) of Rubella antigen coated beads were reacted with 10 of a 1:10 
dilution of four diflFerent Rubella calibrator sera (Consolidated Technologies, Inc., Oak Brook, 
IL) and the mixture incubated for I hour. These sera were defined using a standard assay for 
the anti-Rubella IgG activity by the manu&cturer of the calibrators. The units, were defined as 
International Units/ mL or lU/mL. Beads were washed in PBSTB by centrifugation at 13,400 x 
g for 30 seconds and suspended in 40 of a 10 ng/mL solution of Bodipy-labcled anti-human 
IgG. This mixture was incubated for 1 hour, diluted to 300 ixL in PBSTB and assayed using 
flow cytometry. Negative controls mcluded the microspheres with no semm treated with the 
Bodipy-labeled antibodies. In addition one calibrator serum containing 70 lU/mL of anti- 
Rubella IgG activity was titrated in a single analyte assay. 

Multiple analyte assa» fof IgG and IrM activities: Equivalent amounts of each of the 5 antigen 
loaded microspheres was mixed to produce a ToRCH bead mixture, 10 (30,000 
microspheres) of the mixture was reacted with 10 of a 1 :400 dilution of ToRCH control or 
calibrator sera and incubated for 1 hour. The positive and negative ToRCH control sera did not 
have defined units of activity. The ToRCH calibrator, however, did have defined levels of anti- 
ToRCH IgG activities as defined by INX and DiaMedix diagnostic instnmients. These values 
were provided by the manufecturer for the lot of calibrator purchased. Beads were washed in 
PBSTB by centrifiigaticn at 13,400 x g for 30 seconds and suspended in 20 \iL of a 40 ^ig/mL 
solution of Bodipy-labcled anti-htunan IgG or IgM. This mixture was incubated for 1 hour, 
diluted to 300 \iL in PBSTB and assayed using flow cytometry. Negative controls included the 
microspheres with no serum treatment and the microspheres treated with the ToRCH negative 
control scrum. Both negative controls were developed with the Bodipy-Iabeled antibodies. 

Result^ 



Rubella assays Rubella coated DFM were reacted with 4 human serum calibrators containing 
known levels of IgG antibodies specific for Rubella virions defined by International units 
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(lU^mL). The beads were washed and developed with goat anti-human IgG-Bodipy. Results are 
shown in Table 9 and Figure 24. Increasing units of anti-Rubella activity were reflected in the 
Mean Intensity of Fluorescence (MIF) o{F„ (green channel). Luminex Units (LU) were defined 
as the MIF of F„ for each data point minus the MIF of F„ for the negaUve control (no serum) 
multiplied by 0.1, and are included in Table 9. 

Rubella calibrator titration: The hunaan serum caUbtator contaming 70 lU/mL of anti-Rubella 
IgG was serially diluted in PBSTB and assayed with the Rubella coated microspheres and 
Bodipy-Iabeled anti-human IgG. Results shown in Table 10 and Fignre 25 show that, as 
expected, the IgG antibodies specific for Rubella were titrated with dilution. 

1 

Muhinle analvt*^ ToRrH analy^si^ for serum l eG and leM: Each of the five distinct DFM coated 
with ToRCH antigens plus one DFM coated with human serum albumin (Miles, Inc., West 
Haven. CT) were muced in equal volumes and 10 jiL (30,000 microspheres) of the mixture 
reacted for I hour with triplicate, 20 nL aliquots of a 1:400 dilution of the ToRCH controls as 
well as the Low ToRCH caUbiator. The calibrator from Blackhawk Systems, Inc. contained 
known levels of each pathogen specific antibody as measured on other diagnostic machines. 
After washing, one set of triplicates was developed with Bodipy-Iabeled anti-human IgG and 
anotiier set with Bodipy-Iabeled anti-human IgM. Numerical results are shown in Tables 11 
and 12. Results are presented graphically in Figures 26A and 26B. Included in the figures are 
standard deviation bars for the triplicate measurements. For both IgG and IgM measurements, 
the ToRCH negative control serum (A96601, tubes #1-3) produced MIF of F„ sfanilar to the 
negative control with no serum (tubes #10-12). TTie ToRCH positive control seium (A96602, 
tubes #4-6) demonstrated significant IgG activity to all five patiiogens. Conversely, the positive 
control seram had only sUght IgM based reactivity to the five pathogens. The known levels of 
anti-ToRCH IgG reactivities for the ToRCH Calibrator (A96500, tubes #7-9) were compared to 
the Luminex units of each IgG activity as determined by the multiple analyte analysis. Luminex 
units were defined by subtracting ttie negative control serum average MIF of F„ from tiie 
average MIF of F„ for each antigen and multiplying by 0. 1. Hie levels of the ToRCH calibrator 
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were defined by the manufacturer as a factor of activity for each antigen above the limit of 
detection for that antigen on a specific diagnostic machine. These results are listed in Table 13. 

A demonstratiYe ToRCH assay has been developed to simultaneously assay for serum 
IgG or IgM specific for the five ToRCH pathogens in a single tube. Results of the assay indicate 
thai it is specific for each pathogen and is as sensitive as currently available instrument based 
assays. The multiple analytc format provides a uniquely powerful technology for rapid and less 
expensive scrum testing for seroconversion to ToRCH pathogens as well as other infectious 
agents diagnosed in this manner. 

TABLE 9: Anti-Rubella calibration curve 



Calibrator lU/mL 


MIFotFm 


LU/mL 


360 


1419 


133 


225 »• 


1004 


91 


70 


4S8 


37 


40 


376 


28 


0 


92 


0 
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TABLEIO: Anti-Rubella caUbrator titration 



70 lUymL Calibrator 


MIFoffm 


Reciprocal of Dilutioa 




1 


4S10 


4 


2554 


8 


1597 


16 


954 


32 


652 


64 


392 


128 


209 


2S6 1 


121 


512 


99 


0 


59 
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TABLE H: IgG ToRCH assay 





Caiibntor 






MJF of Fm in Triplicate 




(1:400) 


Toxo. 


Rubella 


CMV 


HSV] 


HSV 11 


HSA 


! 


A9660t 


21 


9 


12 


16 


17 


22 


2 


A9660i 


22 


8 


10 


17 


15 


26 


3 


A96601 


25 


9 


11 


14 


17 


22 


4 


A96602 


647 


1786 


956 


1223 


664 


78 


5 


A96602 


590 


1677 


967 


1511 


719 


81 


6 


A96602 


620 


1670 


922 


1348 


611 


72 


7 


A96S0O 


103 


38 


50 


128 


64 


27 


8 


A96500 


95 


43 


48 


127 


58 


43 


9 


A96500 1 


«7 


41 


49 


127 


56 


29 


10 


No Seniin 


21 


7 


15 


18 


13 


22 


11 


No Senim 


23 


8 


11 


15 


19 


19 


12 


No Serum'' 


21 


5 


12 


12 


16 


23 




















Calibrator 




Average MIF offni 








(1:400) 


Toxo. 


RnbeIJa 


CMV 


HSVI 


HSV 11 


HSA 




A96601 


23 


9 


11 


16 


16 


23 




A96602 


619 


1711 


948 


1361 


665 


77 




A96500 


95 


41 


49 


127 


59 


33 






22 


7 


13 


15 


16 


21 
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TABLE 12: IgM ToRCH assay 





Calibrator 
(1:400) 


MlFofFirtin Triplicate 




Toxo. 


Rubella 


CMV 


HSVI 


HSVII 


HSA 


I 


A96601 


40 


10 


17 


17 


21 


16 


2 


A9660I 


36 


9 


15 


15 


20 


17 


3 


A96601 


39 


9 


19 


18 


23 


20 


. 4 


A96602 


68 


109 


53 


80 


52 


27 


5 


A96602 


69 


112 


56 


84 


52 


23 


6 


A96602 


77 


133 


81 


91 


64 


60 


7 


A965^ 


66 


15 


27 


34 


26 


20 


8 


A96500 


67 


15 


23 


37 


29 


22 


9 


A96500 


66 


15 


28 


31 


31 


29 


10 


No Sinim 


40 


9 


18 


17 


21 


21 


U 


NoScnun 


36 


8 


20 


17 


19 


16 


12 


No Serum 


38 


8 


14 


17 


19 


18 




Calibrator 

(1:400) 


Average MIF of Fm 




Toxo. 


Rubella 


CMV 


HSVI 


HSVII 


HSA 




A96601 


38 


9 


17 


17 


21 


18 




A96602 


71 


118 


63 


85 


56 


37 




A96500 


66 


15 


26 


34 


29 


24 




No Senun 


38 


8 


17 


17 


20 


18 
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TABLE 13: Comparison of known level, of «,ti.ToRCH IgG for the ToRCH calibrator 
from Blackhawk BioSystems with Luminex Units 
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Simultaneous Assay of Dog Sera for Allergic IgE and Allergen-Specific IgG 

This example demonstrates the screening of serum for IgE antibodies specific for 
allergens. Screening of serum for IgE antibodies specific to allergens is a viable option for 
allergy testing as compared with skin sensitivity testing. The instant invention provides for a 
format that can assay for either IgG or IgE responses to numerous allergens at the same time in 
the same tube with the same sample and is therefore a uniquely powerful method of screening. 

An allergy assay has been developed including 16 grass allergens m a multiple analyte, 
simultaneous fora:iat A panel of 16 grass allergens were attached to 16 DiCTerentially 
Fluorescent Microspheres (DFM) with one grass allergen being coated onto one unique member 
of the bead set. The ajlergen bead set was treated with diluted dog serum for 1 hour and treated 
with a solution of either Goat anti-Dog IgE or goat anti-dog IgG-FITC for an additional hour. 
For the IgE assay, beads were washed clear of this antibody and the bead set treated with an 
affinity purified rabbit anti-goat IgG-FITC antibody as probe. 

Results demonstrate a uniquely povsrerful method of serum screening for allergies that 
provides a true multiple analyte fonnat, as well as sensitivity and specificity. 

Allergen conjugation to microspheres: Sixteen DFM (5.5 ^M carboxylate) were conjugated 
separately to 16 soluble grass allergens (provided by Dr. Bill Mandy, BioMedical Services, 
Austin, TX) with a two-step EDC coupling method (Pierce Chemicals, Rockford, IL) using 
5uIfo-NHS to stabilize the amino-reactive intermediate. Ail grass allergens were diluted 1:100 
into PBS, pH 7.4. 20 (8.4 million microspheres) of each bead type was activated for 20 
minutes in a total voltmie of 100 containing 500 ^g of EDC and Sulfo-NHS in SO mM 
sodium phosphate buffer, pH 7.0. Microspheres were washed twice with 100 pL PBS, pH 7.4 
using centrifugation at 13,400 x g for 30 seconds to harvest the microspheres. Activated, 
washed beads were suspended in SO ^L of diluted allergen. After 2 hours, the microspheres 
were blocked by addition of 50 ;iL of 0.2 M glycine, 0.02% Twcen 20 in PBS, pH 7.4 and 
incubated for an additional 30 minutes. Protein coated microspheres were washed twice with 
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100 nL 0.02% Tween 20. I mg/mL BSA in PBS. pH 7.4 (PBSTB). and stored in PBSTB at 
approximately 3.000,000 microspheres/mL as determined by hemacytometer count 

Multiplexed K-9 grass alleiKcn tfig assay: Equivalent amounts of each of the 16 grass allergen 
loaded microspheres was mixed to produce a bead mixture. 20 jiL (60.000 microspheres) of the 
mixture was reacted with 60 jiL of a 1:3 dilution of dog serum in PBSTB and the mixture 
incubated for 1 hour. Beads were washed in 200 PBSTB by centrifugation at 13.400 x g for 
30 seconds and suspended in 40 pL of a 50 pg/mL solution of anti-dog IgE (provided by Dr. 
BiU Mandy. BioMedical Services, Austin, TX). After incubation for 1 hour, beads were washed 
in 200 ML PBSTB by centrifiigation at 13,400 x g for 30 seconds. Beads were then treated with 
40 ML of rabbit ami-goat IgCFITC (Sigma, St. Louis, MO) at 20 Mg/mL. After one hour the 
bead mixture was diluted to 300 mL in PBSTB and assayed using flow cytometry. Negative 
controls included the microspheres with dog serum, without the goat antisiog IgE and with the 
rabbit ami-goat IgG^FTTC A negative control of the bead set with no dog serum was also 
included. Allergen specific dog IgE was determined by subtraction of the mean intensity of 
fluorescence (MIF) of the green channel (FJ for the negative controls for each grass allergen 
from the MIF of F„ for the mbes including the goat anti-dog IgE. 

Stoultanyyy^ }^.^ grass a^]er^m ItlQ as^jiy; Equivalem amounts of each of the 16 grass aUergen 
loaded microspheres was mixed to produce a bead mixture. 20 jiL (8.4 million microspheres) of 
the mixture was reacted with 20 (iL of a 1:10 dilution of dog senim in PBSTB and the mixture 
incubated for I hour. Beads were washed in 200 jiL PBSTB by centrifugation at 13,400 x g for 
30 seconds and suspended in 25 jiL of a 50 Mg/mL solution of goa anti-dog IgG-FITC. After 
one hour the bead mixture was diluted to 300 mL in PBSTB and assayed using flow cytometry. 
Negative controls included the microspheres with no dog serum and with the goat anti-dog IgG- 
FITC. Allergen specific dog IgG was determined by subtraction of the mean intensity of 
fluorescence (MIF) of the green channel (FJ for the negative control for each grass allergen 
from the MIF of F„ for the tubes including dog serum. 
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Results 

Miiltmie analvte ^nti-grass a llergen leG assay: Grass aUergen coated DFM were reacted 
with 6 dog sera provided by BioMedical Services, Austin, TX that had been characterized by 
ELISA for anti-grass aUergen IgE. The IgG response to these grass allergens was not measured 
by BioMedical Services. The beads were washed and developed with goat anti-dog IgG-FTTC. 
Results are shown in Figure 27. The MIF of /^. in the absence of dog serum was subtracted 
from the MIF of F„ for each bead with each dog serum. Two dogs. A96324 and A96326 
demonstrated relatively high IgG leaclivity to most of the grass allergens. Two dogs, A96325 
and A96317 demonstrated relatively medium IgG reactivity to most of the grass allergens. Two 
dogs, A96319 and A96323 demonstrated relatively low IgG reactivity to most of the grass 
allergens. j 

Multiple analvte rf» f. «nri.orass al f^»en leE assav: Grass aUergen coated DFM were reacted 
with 6 dog sera pro^Aded by BioMedical Services, Austin, TX that had been characterized by 
ELISA for anti-grass allergen IgE. The beads were washed and treated with goat anti-dog IgE 
for 1 hour. The assay was developed with rabbit anU-goat IgG-FFTC. Results are shown in 
Figure 28. The MIF of f„in the absence of dog serum was subttacted from the MIF off, for 
each bead with each dog serum. Two dogs, A96325 and A96326 demonstrated relatively low 
reactivity to most of the grass allergens with the exception of Wheat grass and several others for 
A96326. These results agree with the ELISA results provided by BioMedical Services. A96325 
was negative for 1 1 grass allergens (only ones tested) and A96326 was negative for the same 1 1 
grass allergens except for a "Borderline" result in ELISA against a mixture of Wheat and Quack 
grass (due to the non-multiplexed format of ELISA assays, allergens are often mixed to increase 
the throughput levels). The other four dog sera demonstrated medium to high IgE responses to 
several of the grass aUergens. Although agreement between ELISA and flow cytometry assay 
results was not absolute, the two assays foUowed the same trends. Dogs with IgE reactivity to 
grass allergens were detected by both assays. 

Comnarison of mv ^^^]" ^^.Ivte IgG and IgE fesults; The IgG and IgE anti-grass aUergen 
response to each of the 16 allergens was compared by graphing. Figures 29-34 demonstrate that 
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there was no correlation between IgG and IgE response to grass allergens in the six dogs. Some 
dogs were low responders for both IgE and IgG. some were reactive with both immunoglobulin 
subclasses, and some demonstrated IgE reactivity in a low background of IgG specific for the 
grass allergens. Examination of the IgG reactivity in a serum could identify those sera in which 
s the IgE reactivity could be masked by the high IgG reactivity. 

A demonstrative assay for serum IgG or IgE activity to 16 grass allergens has been 
developed that allows simultaneous assay of all 16 allergens at the same time in the same tube 
using the same sample. Results with 6 dog sera suggested that IgE anti-grass allergen acUvity as 
.0 detennined by ELISA was in general agreement with results provided using flow cytometry. In 
addition, the ease of determination for IgG anti-grass allergen activity in the six dogs was 
demonstrated. ' 

I A Simultaneous Immunometric Assay For Human Chorionic Gonadotropin and Alpha- 
IS Fetoprotein 

This example iUustrates the determination of multiple analyte levels in a liquid sample 
simultaneously by immunometric or capture-sandwich assay. TTie use of capture-sandwich 
assays to accurately determine analyte levels m liquid solutions is a commonly used format for 
many analyte assays. The technique is especially useful for those analytes present in low 
M quantities as the first step serves to capture and thus concentrate the analyte. The uniqueness of 
this assay is the multiple analyte format allowing the simultaneous determination of two distinct 
serum proteins at the same time in the same tube from the same serum sample. 

Human chorionic gonadotropin (hCG), a gonadotropic hormone secreted by the placenta, 
23 is the primary hormonal marker utilized for pregnancy testing. hCG is elevated both in urine 
and serum during pregnancy. Alpha fetoprotein (AFP) is the fetal cell equivalent to human 
serum albumin. AFP is elevated in pregnancy and in certain types of malignancies. Many 
clinical fertility or pregnancy test panels include immunometric assays for these two scrum 
proteins. Immunometric or capture-sandwich assays for hCG and AFP were developed 
30 separately and then combined in a multiple analyte format 
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Thc hCG assay was developed by examining several antibody pairs for their ability to 
capture and quandtate hCG levels in solution. First, a monoclonal antibody was coupled 
through carbodiimidc linkage to a carboxylate substituted Differentially Fluorescent 
Microsphere (DFM). Next, a polyclonal, affinity purified antibody was Bodipy-labeled and 
used to probe DFM captured honnone. Once this assay was adjusted to include physiological 
sensitive ranges, the process was repeated for AFP. Cross-reactivity of the two assays was 
examined to demonstrate that the two assays would not interfere. The assays were then 
perfomied simultaneously. Conimercially available serum calibrators were used to demonstrate 
that both assays were sensitive in clinically relevant ranges and an unknown was include to 
demonstrate how the two assays work simultaneously. 
I 

Antibody labeling: The two afRnity purified polyclonal anti-hCG (AB633) and anti-AFP 
(M20077) antibodies (Chemicon, Inc., Temecula, CA and Medix Division, Gcn2yme, San 
Carlos, CA) were labeled with Bodipy FL-CASE (Molecuhff Probes, Inc., Eugene. OR) using 
methods described by the manufacturer of the Bodipy succinymidyl ester. The resulting 
Bodipy-labeled antibodies vtrere stored in PBS containing 1 mg/mL BSA as stabilizer. 

AnUbodv confnparinn to micromheres: Monoclonal anti-hCG (MAB602) and anti-AFP 
(S10473) capture antibodies were conjugated U> microspheres with a two-step EDC coupling 
method (Pierce Chemicals, Rockford, IL) using sulfo-NHS to stabilize the amino-reactive 
intermediate. 20 jiL ( 8.4 mUlion microspheres) of each DFM was activated for 20 minutes in a 
total volume of 100 \iL containing 500 ng of EDC and Sulfo-NHS in 50 mM sodium phosphate 
buffer, pH 7.0. Microspheres were washed tvrice with 200 jiL PBS, pH 7.4 using centrifiigation 
at 13,400 X g for 30 seconds to harvest the microspheres. Washed, activated beads were 
suspended in 50 jiL of a 0.05 mg/mL solution of antibody in PBS, pH 7.4. After 2 hours, 
microspheres were blocked by addition of 50 jiL of 0.5 mgfvaL BSA, 0.02% Tween 20 in PBS. 
pH 7.4 and incubated for an additional 30 minutes. Protein coated microspheres viwre washed 
twice with 200 jiL 0.02% Tween 20, 1 mg/mL BSA >n PBS, pH 7.4 (PBSTB) and stored in 
PBSTB at approximately 3,000.000 microspheres/mL. Microsphere concentrations were 
determined using a hemacytometer. 
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Antil?odv pairs analysis of hormone canturg a5;.^ av Capture assay antibody pairs were screened 
by coupling potential capture antibodies to microspheres and assaying them using all potential 
combinations of capture antibody-bead/ Bodipy-labeled probe antibody. Assays were performed 
using 10 jiL of capture antibody microspheres (approximately 30,000) plus 20 of antigen 
solution at 10 fig/mL in PBSTB for a 1 hour incubation. Beads were washed in PBSTB by 
centrifugation at 13,400 x g for 30 seconds and suspended in 20 ^iL of a 25 ng/mL solution of 
Bodipy-labeled probe antibody. This mixture was incubated for 1 hour, diluted to 300 \lL in 
PBSTB and assayed using flow cytometry. 

Mtigen titration assay; Once an antibody pair was chosen for use, the pair was analyzed for 
sensitivity and limit of detection by titration of antigen. Assays were perfomied using 10 jiL of 
capture antibody microsphcrts plus 20 nL of antigen dilutions in PBSTB for a I hour 
incubation. Beads were washed in 200 jiL PBSTB by centrifugation at 13.400 x g for 30 
seconds and suspcndfcd in 20 of a 25 pg/mL solution of Bodipy-labeled probe antibody. 
This mixture was incubated for 1 hour, diluted to 300 \iL in PBSTB and assayed using flow 
cytometry. 

Cross-reactivitv analvsig; To examine the possibility of cross-reactivity, 10 jiL of MAB 602 
anti-hCG capture beads (5,000 microspheres) were treated with 20 nL dilutions of hCG or AFP. 
After 1 hour the beads were washed in 200 ixL PBSTB by centrifugation at 13,400 x g for 30 
seconds and suspended in 20 jiL of either Bodipy-labeled anti-hCG or Bodipy-labeled anti-AFP 
at 25 ng/mL. Conversely. 10 nL of S-10473 anti-AFP capture beads (5,000 microspheres) were 
treated with 20 ^iL dilutions of hCG or AFP. After 1 hour, beads were washed in 200 
PBSTB by centrifugation at 13.400 x g for 30 seconds and suspended in 20 ^iL of either Bodipy- 
labeled anti-hCG or Bodipy-labeled anti-AFP at 25 pg/mL. Mixtures were incubated for 1 hour, 
diluted to 30O pL in PBSTB and assayed using flow cytometry. 



Washed vs. no-wash assay format; An AFP/hCG capture antibody bead mixture was made by 
mixing equal amounts of the two bead types. In duplicate, lO jiL of this bead mixture (10,000 
microspheres) was mixed widi 20 ^iL dilutions of AFP/ hCG and incubated for 1 hour. One set 
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of beads were washed in PBSTB by centriftigation at 13.400 x g for 30 seconds and suspended 
in 20 iiL of a mixture of Bodipy-labeled anti-hCG and anti-AFP both at 25 pg/mL. TOs 
mixture was incubated for I hour, diluted to 300 jiL in PBSTB and assayed using flow 
cytometry. The second set of beads were treated directly with 20 of a mixture of Bodipy- 
labeled anti-hCG and anti-AFP both at 25 jig/mL. This mixture representing a homogenous (no- 
wash) assay was also incubated for 1 hour. dUuted to 300 jiL in PBSTB and assayed using flow 
cytometry. 

M..iHnl..n.lvte assay: Once the AFP and hCG antibody pairs were shown not to cross-react 
and were adjusted to provide clinicaUy relevant ranges of sensitivity in a homogenous assay, the 
assays were performejl simultaneously using commercially avaUable serum calibrators as the 
source of AFP and hCG antigens. Equivalent amounts of each of the two capture antibody 
loaded microspheres was mixed to produce an AFP/hCG capture mixture. In triplicate. 10 of 
this bead mixture (5.000 of each microsphere) was mixed with 20 of three sei^ calibrators 
(high, medium and low) containing known levels of AFP and hCG and incubated for 1 hour. 
Mixtures were treated directly with 20 jxL of a blend of Bodipy-labeled anti-hCG and anti-AFP 
both at 25 Mg/mL. Mixtures were incubated for 1 hour, diluted to 300 in PBSTB and 
assayed by flow cytometry. 



20 Results 

AntiHnHv ..ir .nalvsir ^ h^r, ^.mre assav: For hCG antibody pair analysis, five capture 
antibody/microspheres >veic prepared and the identical five antibodies were Bodipy-labeled to 
serve as pnjbes. TTiree of the antibodies were specific for the alpha sub-unit of hCG and two for 
the beta sub-unit. The three anti-alpha sub-unit amibody/mictospheres were assayed for utility 

« with the two Bodipy-labeled anti-beta hCG antibodies. Conversely, the two anti-beta sub-unit 
antibody/microspheres were assayed for utility witii the three Bodipy-labeled anti-alpha hCG 
antibodies. Results of tiiis screen are shown in Table 14 and Figure 35. The 12 combinations 
of antibodies are shown witit (odd numben) and witiiout (even numbers) hCG at 20 jig/mL. It 
is apparent that the first two antibody pain.. #1 and #3 demonstrated the highest mean intensity 

,0 of fluorescence (MIF) of the/-, (green channel). Further examination of these two pairs led to 
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the decision to chose the #3 pair of MAB 602 for capture antibody and AB633-Bodipy as probe 
antibody for the hCG capture/sandwich assay. 

Antigen titration: The MAB 602/AB633 anti-hCG capture system was assayed by hCG titration 
to determine If the level of sensitivity required for clinical assay was achievable. A limit of 
detection of at least 1 ng hCG/mL was the target as this was the level of hCG in the low serum 
calibrator to be used later in this project. The results of this antigen titration is shown in Table 
15 and Figure 36. The limit of detection was between 20 and 200 pg/mL. This revealed that 
the MAB602/AB633 anti-hCG antibody pair was sufficiently sensitive for hCG analysis. 
Included in this analysis was MIF of measurements from counting of 100 or 1000 
microspheres. Results were similar. A similar analysis of antibody pairs and antigen titration 
for AFP identified an ^i^FP pair that could be further developed. 

Cross-reactivitv assav*; The MAB 602/AB633 anti-hCG capture system and S-10473/M20077 
anti-AFP capttire system were examined Tor cross reactivity by assaying each capture bead with 
each antigen and Bodipy-labeled antibody. Results are shown in Table 16 and Figures 37A and 
STB. No significant cross-reactivity between the hCG and AFP capture systems was detected. 

No-wash vs. washed assay format: The hCG and AFP assays were performed simultaneously 
and examined for the limit of quantitation or dynamic range in both a washed format and no 
wash or homogenous format Result of these antigen titrations are shown in Table 17 and 
Figures 38A and 38B. Results indicated that the homogenous format provided sufficient 
dynamic range for the purposes of clinical relevance. 

Multiple a nalvte hCQ/AFP assav: The two assays were performed simultaneously using serum 
calibrators of known hCG and AFP levels to generate a standard curve. For each standard curve 
one serum of unknown hCG and AFP level was included to demonstrate how the assay woiiid 
determine tiie level of hCG and AFP in the serum. 
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The Randox Tri-level calibrators consisted of three serum samples with high, medium 
and low levels of hCG and AFP documented in mU or U/mL for hCG and AFP respectively. 
These calibrators are used in at least 12 different diagnostic instruments including those of 
Abbott (Abbott Park, IL). bioMerieux (St. Louis. MO). Ciba Coming (Medfield. MA). 

s Diagnostics Products (Los Angeles, CA). Kodak (Rochester. NY), Syva (San Jose. CA), Tosoh 
(AUanta, GA) and Wallac (Gaithersburg, MD). Literamre with the Randox Tri-Level control 
Usted the units of each known analyte as defined by each diagnostic machine. We calculated the 
average of the hCG mU/mL and AFP U/mL for the three calibrators. In the case of the hCG. the 
low and medium caUbrators contained 22.8 and 26.4 mU/inL which were extremely close 

.0 co„sideringthedistancetothehighcalibrator(436mU/mL). For this reason, we included a 1:2 
dilution of the high ratoge calibrator into hCG/AFP certified negative serum to produce a fourth 
level senim calibrator temied Level 3D. Calibrator 3D was only used in construction of the hCG 
standard curve so each of the assays was effectively defined by three point calibration. 

Table 18 shov« the results of this multiple analyte assay. The assay was performed in 
triplicate and the average MIF of F„ computed for graphing. Coefficients of variation (CV) for 
the triplicates were consistently less than IQo/, are shown. Also included in the table are the 
number of microspheres correctly identified by the flow cytometry out of the 400 counted per 
tube. Of the 400 beads counted the expected ratio of MAB 602 containing 60/40 beads to S- 
.„ 10473 contairung 40/60 beads was 1:1. Therefore of the 200 beads expected, this was the 
number of beads correctly identified and used to compute the MIF of F„ for that data pomt. 

Figures 39A and 39B graphically represent the data of Table 18. For both hCG and 
AFPaplot of the MIF vs. the log ofantigen concentration producedaline that was best fit usmg 

« a third level polynomial equation. The fit for the hCG curve pn.vided an R^ of 1.0 and for AFP 
an R^ of 0.9999 was achieved. Using the polynomial equation, the concentration of the 
unknowns was computed Results of these analyses are seen in Table 18. The unknown serum 
contained 21 8.55 ± 6.56 mU/mL of hCG and 39.59 ± 1.19 U/mL of AFP. 
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A demonstrative imraunometric assay for hCG and AFP in serum has been developed. 
Assays-were first developed as single analyte or single bead assays, and optimized with regards 
to sensitivity, limit of quantitation and cross-reactivity. The assays were then combined to 
quantitatively detemiine multiple analyte levels in a liquid solution in the same tube from the 
same sample at the same time. Results, using commercially available calibrator sera, has proven 
that this invention is effective for this type of quantitative assay. 
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TABLE 14 



Sample 


Description 


hCG Cone Oig/mL) 


MIFoffm 


1 


A 1-Beads -t- B 1 Ab-BD with hCG 


20.0 


8790 


2 


A 1 -Beads Bl Ab-BD with no hCG 


0.0 


108 


3 


A2-Beads Bt Ab-BO with hCG 


20.0 


9441 


4 


A2-Beads Bl Ab-BD with no hCO 


0.0 


163 


5 


A3-Bea(is -t- Bl Ab-BD with hCG 


20.0 


3150 


6 


A3-Beads ^ Bl Ab-BD with no hCG 


0.0 


2984 


7 


A 1 *Beads + B2 Ab-BD with hCG 


20.0 


2287 


8 


Al-Beads + B2 Ab-BD with no hCG 


0.0 


37 


9 


A2-Bea|ls B2 Ab-BD with hCG 


20.0 


1232 


10 


A2-Bead5 -1- B2 Ab-BD with no hCG 


0.0 


42 


11 


A3-Beads B2 Ab-BD with hCG 


20.0 


$66 


12 


A3-Bea4s + B2 Ab-BD with no hCG 


0.0 


560 


13 


Bl-Beads Al Ab-BD with hCG 


20.0 


70 


14 


Bl -Beads + Al Ab-BD with no hCG 


0.0 


23 


15 


B2-Beads ^ Al Ab-BD with hCG 


20.0 


346 


16 


B2-Bead5 Al Ab-BD with no hCG 


0.0 


20 


17 


Bl -Beads A2 Ab-BD with hCG 


20.0 


107 


18 


B 1-Beads + A2 Ab-BD widi no hCG 


0.0 


33 


19 


B2-Beads + A2 Ab-BD with hCG 


20.0 


886 


20 


B2-Bcads A2 Ab-BD with no hCG 


0.0 


56 


21 


Bl-Beads A3 Ab-BD with bCG 


20.0 


105 


22 


B I -Beads + A3 Ab-BD with no hCG 


0.0 


196 


23 


B2-Beads A3 Ab-BD with hCG 


20.0 


143 


24 


B2-Beads + A3 Ab-BD with no hCG 


0.0 


609 
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TABLE 15 



oampLe 


hCG Cone. (ng/mL) 


MIFoff>n(1000 Beads) 


MIF of Fm (1000 Beads) 


1 


20000 


9337 


9222 


2 


2000 


9286 


9392 


3 


200 




940O 


4 


20 


8497 


8664 


5 


2 


1286 


1382 


6 


02 


258 


254 


7 


0.02 


120 


147 


8 


0.002 


122 


121 


9 


O.q002 


122 


149 


10 


0 


128 


III 
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TABLE 16A 



MAB602 BEADS - 


Anti-hCG 


Samp. 


Antigen 

ng/mL 


hCG 
anti-hCG 


AFP 
anti-hCG 


hCG 
anti-AFP 


Ai^P 
anti-AFP 


1 


1000.0 


792 


53 


47 


52 


2 


100.0 


761 


47 


48 


48 


3 


10.0 


530 


47 


47 


48 


4 


1.0 


104 


47 


48 


48 


5 


0.1 


55 


52 


49 


48 


6 


0.0 


48 


71 


72 


48 



1 

TABLE 16B 



M20077 BEADS - 


Anti-AFP 


Samp. 


Antigen 

ng^nL 


hCG 
anti-hCG 


-AFP 
anti-hCG 


hCG 
anti-AFP 


AFP 
anti-AFP 


1 


1000.0 


99 


57 


78 


348 


2 


1 00.0 


54 


75 


44 


356 


3 


10.0 


44 


44 


45 


103 


4 


1.0 


51 


50 


44 


98 


5 


0.1 


42 


75 


49 


44 


6 


0,0 


43 


61 


45 


45 
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TABLE 17 





AFP 




hCG 


Sample 
No. 


Al-F 
ng/mL 


No Wash 


Washed 




hCG 
ng/mL 


No Wash 


Washed 


I 


1000 


379 


1481 




2000 


491 


3194 


2 


500 


643 


1376 




1000 


T70 


3158 


3 


250 


956 


1205 




500 


1198 


3342 


4 


125 


1063 


1052 




250 


1S21 


2755 


5 


62 


980 


814 




125 


2068 


2949 


6 


31 


639 


612 




62 


2417 


3200 


7 


16 


1 359 


347 




31 


2514 


3183 


8 


8 


190 


205 




16 


2440 


2528 


9 


4 


94 


108 




8 


1761 


1955 


10 


2 


51 


59 




4 


1122 


1300 


11 


1 


33 


35 




2 


650 


547 


12 


0.5 


24 


25 




1 


330 


359 


13 


0.25 


17 


24 




0.5 


166 


175 


14 


0 


15 


13 




0 


15 


18 
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TABLE 18 



hCG capture system 



AFP c^turc system 



Tube 

No. 



Deschpt 



hCG 
mU/mL 



AFP 
U/mL 



MlFof 
FLI 



MIF 
AVG 



MIF 
CV% 



Beads 
IDed 



MJFof 
FLI 



MIF 
AVG 



MIF 
CV% 



Beads 
IDed 



I 



Level 1 



23 



114 



74 



Level 1 



22.8 



10.7 



27 



25.67 



7% 



130 



83 



78.00 



5% 



Level 1 



27 



140 



77 



Uvet2 



32 



93 



351 



Level 2 



26,4 



53.8 



34 



31.67 



6% 



85 



365 



362.67 



2% 



Level 2 



29 



94 



372 



Level 3D 
Level 3D 



92 



535 



271.67 



1% 



101 



562 



552.00 



2% 



Level 3D 



271 



96 



559 



10 



Level 3 



631 



106 



1109 



It 



12 



13 



Level 3 



43P^ 223 601 624.00 



3% 



99. 



994 



1061.00 5% 



Level 3 



97 



1080 



Negative 



99 



14 



Negative 



10 



7.33 



6% 



111 



13 



12J3 



8% 



15 



Negative 



119 
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272J3 
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Multiplexed Headset Standard Curve Using an Inhibition Assay 

This exatnple provides a demonstration of the measurement of ligand-ligate reactions 
using a multiplexed headset standard curve. Commonly for ligand-ligate reactions quantitation, 
known amounts of the ligand or ligate are introduced to the reaction leading to the production of 
J a standard curve. Values for unknown samples are compared to the standard curve and 
quantified. The true multiple assay capability of this invention aUows for an additional type of 
standard to be utilized A multiplexed headset standard curve for measuring analyte 
concentration is cieated by using several Differemially Fluoresceirt Microspheres (DFM) coated 
with either 1) different amounts of ligand (antigen), or 2) different amounts of ligate (antibody). 
>o or 3) different ligates possessing different avidities for the ligand (different monoclonal 
antibodies). We have demonstrated an example of the first type of multiple analyte standard 
curve by developing a competitive inhibition assay for human IgG. 

Four DFM were coated with human IgG at four different concentrations. When probed 
•5 with goat anti-human IgG-Bodipy the Mean Intensity of Huorescence (MIF) of F„ (green 
channel) for each bead subset was different. The MIF ofF„ correlated witi, ti,e amount"of hIgG 
used to coat the beads in each subset If soluble hIgG was mixed with the reaction in a 
competitive manner die MIF of was reduced for each bead as less of the probe antibody was 
bound to the beads. In a normal standard curve, die signal (MIF of F„) is plotted against die 
20 concentration of die inhibitor. For the multiplexed headset standard curve, the slfiES of die MIF 
of across die beads witiiin a subset is plotted against die concentration of inhibitor. 
Comparison of die two types of standard curves revealed diem to be of equivalent value for 
prediction of an unknown amount of inhibitor. 

" Huniaffi IrG <;t^\ymm \(f miqni;p|ierer Four DFM (5.5 nM carboxylate. Bangs Uboialories. 
Inc.. Carmel. IN, dyed by Emerald Diagnostics. Inc.. Eugene, OR) were conjugated separately to 
4 different concentrations of hIgG (Cappel Division, Organon Teknika. Durham. NC) wid, a 
two-step EDC coupling mediod (Pierce Chemicals, Rockford. IL) using sulfo-NHS to stabilize 
die amino-rcactive intermediate. 20 fiL (8.4 million microspheres) of each bead type was 

30 activated for 20 minutes in a total volume of 1 00 containing 500 ^g of EDC and Sulfo-NHS 
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in 50 mM sodium phosphate buffer, pH 7,0. The microspheres were washed twice with 200 fxL 
PBS» pH 7.4 using centrifugation at 13,400 x g for 30 seconds to harvest the microspheres. 
Activated, washed beads were suspended in 50 of hIgG at 50, 10, 5, and 1 pg/mL in PBS, 
pH 7.4. After 2 hours, the microspheres were blocked by addition of 50 fiL of 02 M glycine, 
0.02% Tween 20 in PBS, pH 7.4 and incubated for an additional 30 minutes. Protein coated 
microspheres were washed twice with 200 \iL 0.02% Tween 20, 1 mg/mL BS A in PBS, pH 7.4 
(PBSTB). and stored in PBSTB at approximately 3,000,000 microspheres/mL as determined by 
hemacytometer count. 

Antibody labeling; Goat anti-human IgG (Cappel Division, Organon Teknika, Durfiam, NC) was 

labeled with Bodipy ^L-CASE (Molecular Probes, Inc., Eugene, OR) using methods described 

by the manufacturer of the Bodipy succinymidyl ester. The resulting Bodipy-labelcd antibody 

was stored in PBS containing I mg/mL BSA as stabilizer. 
I. 

Multiplexed headset standard curve: Equivalent amounts of each of the 4 differentially loaded 
IgG microspheres was mixed to produce a bead mixture. 1 0 jiL of the goat anti-hlgG-Bodipy at 
25 \xg/mL in PBSTB was mixed with 10 fiL of a dilution of hlgC in PBSTB. Immediately 10 
(30,000 microspheres) of the bead mixture was added and the mixture incubated at room 
temperature for 30 minutes. Beads were diluted to 300 )iL in PBSTB and assayed using flow 
cytometry. A negative control included the microspheres with the goat anti-hlgG-Bodipy with 
no inhibitor (hIgG). Each bead subset was assigned the value of a consecutive integer (i.e. die 
bead subset coupled with the lowest concentration of IgG was given a value of 1, the next 
highest concentration was given a value of 2, etcetera) and those numbers plotted against the 
MIF of each bead subset at each concentration of inhibitor tested. The slopes (designated here 
as inter-bead subset slopes) were computed using linear regression analysis. The inter-subset 
slopes were then plotted against the concentration of inhibitor using a logarithmic scale for the 
concentration of inhibitor. Results were plotted as the slope of the MIF of f^i across the bead set 
against the log of hIgG concenti^tion. Curve fitting was performed using a power function 
trendline and the correlation was reported. For a perfect fit, R^=l .0. 
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TABLE 19 



Samp 


Inhibitor 


Bead 1 


Bead 2 


Bead 3 


Bead 4 


SLOPE 




Cone (^g/mL) 


1.0 ^g/InLIgG 


5 ^g/mL IgG 


lO^g/mLIgG 


SO ^g/mL IgG 




1 


100 


14 


77 


108 


288 


85J 


2 


50 


21 


100 


162 


428 


128.3 


3 


25 


40 


166 


267 


844 


251.3 


4 


12.5 


110 


463 


747 


1467 


435.5 


5 


6.25 


257 


1226 


1629 


2316 


658 


6 


0 


134 


793 


1432 


2217 


688.8 



Nucleic Acid Measureitent 

The power and sensitivity of PGR has prompted its application to a wide variety of 
analytical problems i^ which detection of DNA or RNA sequences is required. One major 
difficulty with the PGR technique is the .cumbersome nature of the methods of measuring the 
reaction's products - amplified DNA. 

A major advance in this area is here. That advance employs a flow cytometric bead- 
based hybridization assay which pennits the extremely rapid and accurate detection of genetic 
sequences of interest. In a preferred embodiment of that invention, a bead to which a nucleic 
acid segment of interest has been coupled is provided. A PGR product of interest (or any other 
DNA or cDN A segment) is detected by virtue of its ability to competitively inhibit hybridization 
between the nucleic acid segment on the bead and a complementary fluorescent nucleic acid 
probe. The method is so sensitive and precise as to allow the detection of single point mutations 
in the PGR product or nucleic acid of interest. Although that method in itself provides a pivotal 
advance in the art of analyzing PGR reaction products, the further discovery of methods of 
multiplexing such an analysis, compounds the method's power and versatility to allow 
simultaneously analysis of a number of nucleic acid products or a number of sequences within a 
single product in a single sample. 



wo 97/14028 



PCT/US96/16198 



-88- 

The multiplexed DNA analysis method described he« can be applied to detect any PGR 
product or other DNA of interest for specific polymorphisms or mutations or for levels of 
expression, e.g. mRNA. With the multiplexed techniques provided by the instam invention, 
individuals can be screened for the presence of histocompatibility alleles associated with 
susceptibiUty to diseases, mutations associated with genetic diseases, autoimmune diseases, or 
mutations of oncogenes associated with neoplasia or risk of neoplasia. The analysis of DNA 
sequences occurs generally as follows: 

1 . A headset containing subsets of beads coupled to nucleic acid sequences of interest is 
prepared by coupling a um'que synthetic or purified DNA sequence to the beads within 
each subset 

2. Fluorescent proles complementary to the DNA coupled to each bead subset are prepared. 
Methods known in the art. e.g., as described in U.S. Patent No. 5.403.71 1, issued April 4, 
1995 and incoTRorated herein by reference, or other methods may be used to fluorescently 
label the DNA. Since each probe wUl bind optimally only to its complementary DNA- 
containing subset, under the conditions of the assay, the fluorescent probes may be added 
to the subsets before or after the subsets are pooled, and before or after addition of die 
DNA test sample(s) of interest. 

3. Tissue, fluid or other material to be analyzed is obtained, and DNA is purified and/or 
amplified with PGR as necessary to generate the DNA products to be tested, 

4. The DNA samples of interest are then mixed widi the pooled headset under suitable 
conditions to allow competitive hybridization between the fluorescent probes and the DNA 
of interest 

5. The headset is then analyzed by flow cytometry to determine the reactivity of each bead 
subset with the DNA sample(s). If the test sample contains a DNA sequence 
complementary to the DNA of a given bead subset then that subset will exhibit a decreased 
F„ value relative to the F, value of beads to which a control DNA has been added. A 
computer executed method in accordance with the current invention can determine the 
subset from which each bead is derived, and therefore, the identity of the DNA sequence 
on the bead and any change in F„. 
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Detection of Foreign DNA 

The methods of the present invention find wide utility in the detection of foreign DNA's 
in, for example, diagnostic assays. Although the DNA segment to be analyzed can be any DNA 
sequence, in accordance with this embodiment the selected segment will be a DNA segment of a 
pathogenic organism such as, but not limited to, bacterial, viral, fungal, mycoplasmal, 
rickettsial, chlamydial, or protozoal pathogens. The procedure has particular value in detecting 
infection by pathogens that are latent in the host, found in small amounts, do not induce 
inflammatoiy or immune responses, or are difBcult or cumbersome to cultivate in the laboratory. 
The multiplexed DNA detection method of the present invention is likely to find particular 
utility as a diagnostic assay for analysis of a sample from a padent having clinical symptoms 
known to be caused by^ a variety of organisms using a headset designed to detect DNAs from the 
variety of organisms known to cause such symptoms to determine which of such organisms is 
responsible for the symptoms. DNA would be extracted from tissue, fluid or other sources and 
analyzed as described above. 

Analysis of Genetic Polymorphisms 

The invention may also be used to measure a variety of genetic polymorphisms in a 
target DNA of interest For example, there are several genes in the MHC and many are 
polymorphic. There are at least two applications in which determination of the alleles at each 
position of the MHC is of critical importance. The first is the determination of haplotype for 
transplantation, and the second is determination of haplotype as indicator of susceptibility to 
disease. See Gross et al., *Thc Major Histocompatibility Complex-Specific Prolongation of 
Murine Skin and Cardiac Allograft Survival After In Vivo Depletion of Vp* T Cells " J. Exp. 
Med., 177, 35-44 (1993). The MHC complex contains two kinds of polymorphic molecules. 
Class I genes, HLA A, B and D which have 41, 61 and 18 known alleles and Class 10 genes, 
HLA-DRI3,4,5 HLA-DQAI and BI HLA-DP, DPAl, DPBl, also with many alleles. Each 
human can have up to 6 co-dominant Class I genes and 12 co-dominant Class 10 genes. 

In the case of transplantation, tiic closer the match between the donor and recipient the 
greater the chance of transplant acceptance. A multiplexed assay in accordance with the 
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invention may be employed to perfonn tissue typing quickly and accurately to identify suitable 
matches for transplantation. 

In the situation of disease association, it has been found that individuals bearing certain 
alleles are more prone to some diseases than the remainder of the population. The frequency of 
alleles of tiie MHC genes is not equal, and sets of alleles are frequently found (linkage 
discquiKbrium) so that the identification of the exact set of alleles associated with many diseases 
is feasible. As one example, insulin-dependent diabetes mellitus QDDM) is associated with 
certain HLA-DQ aUeles, The number of alleles of DQ in the population is modest and genetic 
typing by PGR amplification and hybridization with allele specific probes has been shown to be 
practical. See Saiki et al„ "Genetic Analysis of Amplified DNA with Immobilized Sequence- 
Specific Oligonucleotije Probes," Proc, Natl. Acad. Sci. U.S 86, 6230- 6234 (1 989). 

For an assay Q.f MHC m accordance with the invention, DNA is obtained fiom blood or 
odier extractabie source, and amplified witii primers specific for the MHC genes under analysis, 
for example, HLA-DQA, For a full genotypmg of the MHC, several samples of DNA would be 
amplified with different sets of primers to accommodate the large number of loci and the high 
degree of polymorphism. The PGR products are then screened for specific alleles using headsets 
and fluorescent probes as described above. 

Mutation Analysis of Selected Genes: Screening Procedures 

There are several methodologies for determining and comparing DNA sequences in 
order to detect mutations which are associated with disease or neoplasia. When adapted to a 
bead-based, multiplexed format in accordance with the current invention, hybridization analysis 
allows for the rapid screening of multiple genetic loci for multiple wild type and mutant 
sequences. 

In a preferred embodiment of the invention, a given genetic locus, or multiple loci, can 
be simultaneously screened for the presence of wild type or mutant sequences. In the same 
analysis, multiple known mutations can be distinguished from each other and from the wild type 
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sequence and uncharactemed muutions. In addition, the homozygosity or heterozygosity of 
known sequences can be detennined. 

A general approach for detecting a DNA mutation in accordance with this aspect of the 
, invention is as follows In a first step, a suitable probe for detecting a mutation of interest is 
selected. In an illustrative embodiment, selected oligonucleotide, representing wild-type and 
mutant sequences, from a region of a gene kno^ to contam a mutation are prepared. Such 
cligonucleotidesare coupled to microspheres by techniques known m the art. (e.g.. carbodiumde 
coupling, or other means) to produce individual aliquots of beads ha^g known oligonucleotides 
0 coupled thereto. The oligonucleotides must be a sufficient length to allow specific hybridization 
in the assay, e.g.. gene^Iy between about 10 and 50 nucleotides, more preferably between about 
20 and 30 nucleotides in length. In a preferred embodiment, a saturating amount of the 
ohgonucleotideisboimd to the bead. nuorescentoUgonuclcodds. complementary to all or part of 

the sequences attached to each bead, are also prepared. 

Next. PCR primers are selected to amplify that region of the test DNA corresponding to 
the selected probe, which are then used to amplify the particular region of DNA in the sample 
that contains dte sequence corresponding to the oligonucleotide coupled to the beads. Ettiier 
double stranded or single stranded PCR techniques may be used. If double stranded product ts 
.0 produced, the amplified PCR product is made single stranded by heating to a sufficient 
temperature to and for a sufficient time to denamre tite DNA (e.g. for about 1 to about 5 
minutes at about 90-95-C in 23X SSC hybridization buffer). TTie mixture is cooled, and the 
beads are added and incubated with the PCR product under conditions suitable to allow 
hybridization to occur between tite oUgonucIeotide on tiie beads and the PCR product (e.g., at 
:5 room temperamre for about 10 mmutes). The fluorescent DNA probe may then be added and 
the entire mixture incubated under hybridization conditions suitable to allow competmve 
hybridization to occur (e.g., 5 minutes at 65-C. then cooling to room temperature over a penod 
of several hours in 2.3X SSC buffer). As tiiose of skill in the art will recogmze. the 
concentrations of the PCR product and fluorescent probe to be used may vary and may be 
30 adjusted to optimize the reaction. 
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In general, the concentrations of PCR product and nuorescent probe to be used are 
adjusted so as to optimize the detectable loss of fluorescence resulting from competitive 
inhibition without sacrificing the ability of the assay to discriminate between perfect 
complementarity and one or more nucleotide mismatches. In an exemplary assay, the 
concentration of PCR product complementaiy to the oligonucleotide bound to the beads may be 
oh the order of 1 to 10 times die molar concentration of fluorescent probe used. The fluorescent 
probe should preferably be added in an amount sufficient to achieve sligkly less than saturation 
of the complementary oligonucleotide on the beads in order to obtain maximum sensitivity for 
competitive inhibitioa 

In a multiplexed assay employing the above principles, headsets are separately prepared, 
pooled, and the bead-based hybridization analysis performed In order to screen a given locus 
for mutations, headset subsets are prepared such that subset 1 is coupled to a DNA segment 
identical to the wild t^pe sequence, subset 2 is coupled to a DNA segment identical to a known 
mutation 1 (which may represent a single or multiple poim mutations, deletions or insertions), 
subset 3 is coupled to a DNA segmert identical to a second known mutation 2, and so on. The 
subsets are then mixed to create a pooled headset. 

When a nucleic acid sample is analyzed with such a headset, only the bead subsets 
containing sequences identical to the test sample wiU show a large decrease in fluorescence (,F„l 
Bead subsets containing unrelated or gready disparate sequences will show Uttle or no decrease 
in fluorescence (FJ and bead subsets containing very closely related sequences, such as point 
mutants, will show an intermediate decrease m fluorescence (/J. Thus, a large decrease in the 
F„ of only subset 1 would indicate homozygous wild-type; a large decrease m the F„ of both 
subset 1 and subset 2 would indicate heterozygous wild-type / mutant 1 and so on. If the test 
sample is less inhibitory than the petfecfly complementary sequence for any of the known 
sequences represented by the subsets then a new uncharacterized mutation is mdicated. The test 
sample could then be sequenced to characterize the new mutation, and this sequence infonnation 
used to construct a new subset for the headset to detect the newly discovered mutation. 
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The present invention has wide-spread advantages for detection of any of a number of 
nucleic acid sequences of interest in the genomic DNA of an individual or organism and has the 
advantagesof being both rapid and extremely accurate in effecting the detection of such mutations. 
The invention will find wide applicability in diagnosis of a number of genetically associated 
disorders as well as in other applications vAim identification of genetic mutations may be 
important. Exemplary diseases include without limitation, diseases such as cystic fibrosis, 
generalized myotonia and myotonia congenita, hypcrkalemic periodic paralysis, hereditary 
ovalocytosis, hereditaiy spherocytosis and glucose malabsorption; which are associated with 
mutations in the genes encoding ion transporters; multiple endocrine neoplasia, which is associated 
with mutations in the MEN2a, b, and MENl genes; familial medullary thyroid carcinoma, and 
Hirschsprung's disease^ which are associated with mutations in the ret proto-oncogene; femilial 
hypercholesterolemia, which is associated with mutations in the LDL receptor gene; 
neurofibromatosis and tuberous sclerosis, which are associated with mutations in the NFl gene, 
and NF type 2 gene; breast and ovarian cancer, which are associated with mutations in the BRCAl , 
BRCA2, BRC A3 genes; femilial adenomatous polyposis, which is associated with mutations in the 
APC gene; severe combined immtmodeficicncy, which is associated with mutations in the 
adenosine deaminase gene; xeroderma pigmentosum, which is associated with mutations in the 
XPAC gene; Cockayne's syndrome, which is associated with mutations in the ERCC6 excision 
repair gene; fragile X, which is associated with mutations in the finrl gene; Duchenne's muscular 
dystrophy, which is associated with mutations in the Duchenne's muscular dystrophy gene; 
myotonic dystrophy, v^ch is associated with mutations in the myotonic dystrophy protein kinase 
gene; bulbar muscular dystrophy, v^ch is associated with mutations in the androgen receptor 
genes; Huntington's disease, which is associated with mutations in the Huntington's gene; Pcutz- 
jegher's syndrome; Lesch-Nyhan syndrome, which is associated with mutations in the HPRT gene; 
Tay-Sachs disease, which is associated with mutations in the HEXA gene; congenital adrenal 
hyperplasia, which is associated with mutations in the steroid 21 -hydroxylase gene; primary 
hypertension, vdiich is associated with mutations in the angiotensin gene; hereditary non- 
polyposis, which is associated with mutations in the hNMLHl gene; colorectal carcinoma, which 
is associated with mutations in the 2 mismatch repair genes; colorectal cancer, which is associated 
with mutations in the APC gene; forms of Alzheimer's disease which have been associated with the 
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apolipoprotein E gene, retinoblastoma, which is associated with mutations in the Rb gene; Li- 
Fraumeni syndrome, which is associated with mutations in the p53 gene; various malignancies and 
diseases that are associated with translocations: e.g., in the bcr/abl, hcU2 gene; chromosomes 1 1 to 
14 and chromosomes 15 to 17 transpositions. The references at the end of the specification which 
are expressly incorporated herein by reference describe genetic mutations associated with certain 
diseases which may be tested for in accordance with the inventionas well as sequences provided in 
GENB ANK, the contents of which are also expressly incorporated herein by reference 

Double Stranded Experiment 

For the purposes of illustration, the two complementary strands of a double-stranded DNA 
segment arc referred to as strand "A" and strand "B". Eitiicr strand may be designated "A" or "B". 
The wild-type "B" strand oligo (ras codon 12) having Uic oligonucleotide sequence 5*. 
GCCTACGCCACCAGCTCCAACTAC.3' (SEQ ID NO. 3) was coupled to 3.0 micrometers 
(^un) latex micTOspheres (manufactured by Interfacial Dynamics, Portiand, OR) by carbodiimide 
coupling. Double stranded competitor was preparedby combining equal amounts of both the** A** 
and "B" strands of either the wild-type or mutant version of tiie oligo, mutant "B" strand having 
the sequence 5^GCCTACGCCAQ\AGCTCCAACTAG3' (SEQ ID NO. 4) (ras codon 12) in 
5X SSC buffer. Annealing was accomplished by heating the mixture to 65**C for five minutes, 
then cooling slowly to room temperature. Competitive hybridization was accomplished by 
combining qjproximately 40 picomcles of the bead-attached oligo (wild-type "B" strand) with the 
indicated amounts of double stranded competitor in 2.3X SSC buffer at approximately 25'C, 
Finally, 100 picomoles of the fluorescinated oligo (wild-type "A** strand) was added to the reaction 
mixture. This mixture was incubated for two hours at room temperature, and then diluted with 300 
^il of saline pH 7.3, and analyzed on the "FACSCAN" (manufactured by Becton-Dickinson 
Immunocytometiy Systems, San Jose, CA). The results are shown in Table 20 below and m 
Figure 43a through 43c 
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TABLE 20: Double^tnmded Experimental Results Using WUd-Type-B" OUgonudeotide 



Double Stranded 


Percent Inhibition {%) 


Fold Competition 


Competitor (picomoie) 


Wild-Type 


Mutant 


Wild-Type/Mutant 


10 


20 


9 


22 


100 


35 


12 


2.9 


1000 


56 


17 


3.3 



Tliese rcsulU clearly show that the DNA containing the single point mutation ("MutanO 
i detectably less effective inhibitor of hybridization between the DNA on the beads and the 
fluorescentoiigonucleokdeprobe at all concentralionsof competitor tested. 



was a < 



Single Stranded Experiment 

The wild-^e "B" strand oligo (ras codon 12) was coupled to 3.0 jun latex micro^heres 
(manufactured by InteifacialDynamics) by caibodiimidc coupling. Competitive hybridizationwas 
accomplished by combining approximately 40 picomoles of the bead-attached oligo with 100 
picomoles of the fluoiescinated oligo (wild-type "A" strand) in 2 JX SSC buffer. Finally, tiie 
indicated amounts of single stranded competitor (either mutant or wild-type) were added to two 
separate aliquots of the reaction mixture. These aliquots were incubated for two hours at room 
temperature, and Uien diluted witii 300 jil of saline pH 7.3. and analyzed on tiie FACSCAN flow 
cytometer. The result oftiiese experiments are set fortii in Table 21 below and in Figures 44a and 

44b. 



V 
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TABLE21: Single-Strwided Experimental Results 



Single Stranded 


Percent Inhibition (%) 


Fold Competition 


Competitor (picomole) 


Wild-Type 


Mutant 


Wild-Type/Mutant 


100 "A" Strand 


14 


6 


2.4 


1000 "A" Strand 


25 


11 


23 



These results clearly show that the DNA containing the single point mutation r Mutant^ 
was a detectably less effective inhibitor of hybridization between the DNA on the beads and the 
floresccnt oligonucleotide probe at aU concentrations of competitor tested. 

Resequencing analysi^of PGR products using multiplexed analysis. 

This example demonstrates the ability of flow cytometry to perfonn lesequendng 
analysis of PGR pro<^ucts. As a model system, PGR products were derived from ti,e DQAl 
gene, in the region of the gene which determines the major alleles of DQAl. The DQAl gene 
represents the DNA coding sequence for the alpha chain of the DQ molecule. DQ is classified 
as a class II histocompatibility locus and is expressed in allelic fonn in aU humans. Most 
individuals arc heterozygous for DQA . Le. Aey express two different DQA alleles. The 
determination of DQA alleles is used in identity testing for paternity and forensic purposes. 

Seventeen alleles of DQAl have been defined by DNA sequencing; however, eight 
major alleles account for the large majority of the population. TTiese alleles are detemiined by 
fourteen unique DNA sequences contained within four regions of the DQAl gene; all four 
regions are contained within a 227 base pair PGR product derived from human genomic DNA. 

Flow cytometry was used to detemune the presence or absence of all fourteen DNA 
sequences in a PGR product simultaneously in a single reaction tube, thereby allowing 
dctennination of the DQA alleles expressed in a given sample. n,e system is based on 
competitive hybridization between the PGR product and complementary oligonucleotide pairs 
representing each of the fourteen unique DNA sequences. One strand of each oligonucleotide 
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pair is coupled to a unique subset of microspheres and the complementary strand is labeled with 
a green emitting fluorophore. After coupling, the fourteen imique microsphere subsets were 
pooled to produce the mixed bead set After addition of the fourteen fluorescent 
oligonucleotides and the FCR product to the headset, the mixture is hybridized and then 
analyzed by flow cytometry. The ability of the PCR product to inhibit the hybridization of the 
complementary fluorescent oligonucleotides to their respective microsphere subsets is used to 
determine the DNA sequences, and thus, the allele($) present in the PCR product. 

Microspheres : Carboxy late-modified latex (CML) microspheres of 5.5 micron mean diameter 
were obtained fiom Bangs Laboratories, Inc. (Canned IN). The microspheres were 
differentially dyed wijh varying concentrations of two fluorescent dyes with orange and red 
emission spectra to produce fourteen imique microsphere subsets. 

Oligonucleotides : Fourteen oligonucleotide pairs (complementary strands designated **A" and 
"B*0 corresponding to allelic sequences within the DQAl gene (Table 22) were synthesized by 
Oligos, Etc. (Wilsonville, OR), using standard automated techniques. Each eighteen-base 
oligonucleotide was substituted at the 5' end with an amino-terminal linker during synthesis. 

Oligonucleotide coupling to microspheres : The "B" strand of each oligonucleotide pair was 
coupled to a uniqtie subset of CML microspheres using carbodiimide chemistry. Briefly, 0.1 
mL of a 1 mM solution of oligonucleotide in 0.1 M MES (2-[A^morpholino]ethanesulfonic 
acid). pH 4 J.was added to 1.0 mL of microspheres (1% solids) in 0.1 M MES. pH 4.5. To this 
mixture, 0.05 mL of a 10 mg/mL solution of EDC (l-ethyl-3-[3-dimcthylaminopropyll- 
carbodiimide hydrochloride) was added and mbced vigorously. Tbe mixture was incubated for 
30 minutes at room temperature, followed by another addition of EDC, mixing, and incubation 
as above. Following the second incubation period, the microspheres were pelleted by 
centriftigation and resuspended in 0.4 mL of 0. 1 M MES, pH 4.5 and stored at 4*'C. 

Oligonucleotide labeling: The "A" strand of each oligonucleotide pair was fluorescently labeled 
with Bodipy FL-X (6-((4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-indacene-3-propionyl) 
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ainino)hexanoic acid, succinimidyl ester) (Molecular Probes, Inc. , Eugene, OR). Briefly, a 400 
mL solution containing 20 ^iM oligonuclcotide-in-0.1 M sodiam bicarbonate and 5% DMSO, pH 
i2 was reacted with 30 ixL Bodipy FL-X (10 mg/mL in DMSO) for 16-18 hours at room 
temperature. The mixture was desalted on a PDIO column equilibrated in TE (10 mM TrisHCl, 
1 mM ethylenediamine tetraacetic acid (EDTA), pH 8.0) to remove excess unreactcd dye and 
stored at 4*C. 

DNA extraction! Tissue sample (template) DNA was purified using the QIAmp Blood Kit 
(Qiagen, Chatsworth, CA) for DNA purification. Briefly, 1 x 10^ tissue culture cells or 200 
whole blood is lysed with Qiagen protease and Buffer AL. The lysate is incubated at 70**C for 
10 minutes followed by addition of 210 ^L ethanol. The mixture is applied to a QIAmp spin 
column and centrifuge^ at 8,000 x g for 1 minute. The filtrate is discarded, 500 Buffer AW 
is added to the column and the centrifiigation is repeated; this step is repeated. The filtrates are 
discarded and the DNA is eluted into a new tube by addition of 200 jiL Buffer AE, incubation at 
room temperature for 1 minute, followed by centrifiigation as above. 

Polymerase chain reaction fPCR: PCR primers designated DQA AMP-A (5'-ATGGTGTAAA 
CTTGTACCAGT.3\ SEQ ID NO. 5) and DQA AMP-B (S'-TTGGTAGCAG 
CGGTAGAGTTG-3\ SEQ ID NO. 6) (Worid Health Organization, 1994) were synthesized by 
Oligos, Etc. (Wlsonville, OR) using standard automated techniques, PCR wais performed with 
reagents (PCR buffer. dNTPs. MgClj, and TAQ DNA polymerase) from Life Technologies, 
Ina(Gaithersburg, MD). The reaction mixture (50 ^L) contained 1 ^M of each primer, 200 nM 
dNTPs, 3 mM MgCl2, 4-10 (ig/mL DNA template, and 2.5 units TAQ DNA polymerase in 
PCR buffer. The PCR reaction was performed on an Idaho Technologies thermal cycler (Idaho 
Falls, ID) using and initial step at 94*C for 45 sec, and 32 cycles of 94*C for 30 sec, 48*C for 60 
sec, and 72**C for 60 sec followed by a final hold at 72"'C for 7 minutes. Production of the 
product was verified by agarose electrophoresis and was quantified by size exclusion 
chromatography on a Superdex 75 (10/30) column (Pharmacia, Piscataway, NJ). The PCR 
product was used without purificatioiL 
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rnmnetitive hvhr^>4iratinn analysis; The hybridization reaction was perfonned in a total volume 
of 40 vU containing approximately 8.000 of each bead subset for a total of approximately 
110.000 microspheres. 50 nM of each fluorescent oUgonucleotide, and 10 - 200 nM PCR 
product, as competitor, in hybridization buffer (3 M irimethyl ammonium chloride, 0.15% 
sodium dodecyl sulfate. 3 mM EDTA. and 75 mM TrisHCl. pH 8.0). Briefly, the headset 
mixture, in hybridization buffer, was equilibrated at SS'C. The mixture of fluorescent 
oligonucleotides and PCR product was denatured in a boiling water bath for 10 minutes 
followed by quick-chilling on ice for 2 minutes. Hie microspheres were added, mixed well, and 
the entire reaction was allowed to hybridize for 30 minutes at 55°C. FoUowing hybridization, 
the mixture was diluted to 250 nL using hybridization buffer and analyzed by flow cytometry. 

1 

Results 

Micromheres for mnlrinle analvtes: Figure 45 illustrates the classification, using orange and red 
fluorescence, of the fourteen microsphere subsets used in tiie DQAl analysis. Each distinct 
microsphere subset bears one of the fourteen unique oligonucleotide capture probes on its 
surface. The level of green fluorescence associated with each subset, after hybridization with 
the fluorescent oligonucleotide probes, is also determined simultaneously, and measures ti»e 
reactivity of the fluorescent oligonucleotides (and therefore, the reactivity of the PCR product) 
with each unique oligonucleotide sequence. 

Titfaiion of fluo riTT T* """"nucleotide : To optimize the system fir detection of PCR products, 
fluorescent oUgonucleotide was titercd in the presence or absence of PCR competitor. Figure 
46 iUustrates the hybridization of increasing concentrations of fluorescent oUgonucleotide 
"5503A" to microspheres coupled to oligonucleotide "55038" in the presence or absence of a 
200 nM concentration of double-stranded 0301 PCR product which contains the 5503 sequence. 
In die absence of competitor, the level of "5503A- which hybridizes to die microspheres, 
detected as FLl, increases in a linear manner and reaches saturation at approximately 10 nM. In 
the presence of competitor, the binding curve is shifted to the right indicating inhibition of 
"5503A" hybridization. 
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Concentration dependence of inhibition and detectioti n f point mutat^ nnQ; Figure 47 illustrates 
the inhibition of fluorescent oligonucleotide hybridization by varying concentrations of 
complementary and poirU mutant competitors in the presence of a fixed concentration of 
fluorescent oligonucleotide. The solid Unes show the inhibition of hybridization to bead 
"3401B" induced by competitors 3401 (u) or 3402 (n). The dashed lines show inhibition of 
hybridization to bead "3402B" induced by competitors 3401(s) or 3402 (I). Even at the lowest 
competitor concentration (10 nM), there is approximately a two-fold difference between the 
reactivity of the identical sequence versus the point mutant 

Specificity of the ir^ultiple analyte assay: The specificity of the reaction of each DNA competitor 
sequence with the multiplexed microsphere subsets is illustrated in Table 23 and Figure 48, 
using double-stranderfoUgonuclcotide competitors. The pattern of reactivity is consistent with 
the homology of the different oligonucleotides with identical sequences showing maximal 
reactivity, closely rejated sequences showing less reactivity, and unrelated sequences showing 
little or no reactivity. 

Ailele-specific reactivity patrepis; In order to establish the reactivity patterns of the DQAl 
alleles in a model system, simulated alleles were prepared by mixing the oligonucleotides 
representing the DNA sequences that would be present within a single PGR product for a given 
allele. Figure 49 illustrates the typing of four simulated alleles of DQA I . By comparison to the 
allele reactivity chart shown in Table 24, it can be seen that each of the simulated alleles types 
correctly. 

Typing of homozygous ggnomic DNA; To verify the abiUty of flow cytometry to correctly type 
PGR products prepared from genomic DNA, samples of DNA of known, homozygous DQAl 
type were obtained from the UCLA Tissue Typing Laboratory, Los Angeles, CA. After PGR 
amplification, these samples were typed using flow cytometry; the results arc shown in Figure 
50. By comparison to the allele reactivity chart (Table 24), it can be seen that the system 
correctly types these samples. 
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Tvping of heterozygous genomic DMA: To detennine the ability of multiplexed flow analysis to 
accurately type heterozygous DQAl haplotypes^ twenty-five samples of known heterozygous 
DQAl type were obtained from the UCLA Tissue Typing Laboratory, Los Angeles, CA. The 
samples of homozygous DNA used above were added to the panel and ail of the samples were 
coded and typed in a blinded study. The data from this study are presented in Tabic 25. The 
last column of Table 25 entitled 'Type** indicates whether the haplotype indicated by UCLA 
and the Luminex analysis agreed. In 34 of 3S samples, the haplotypes reported by both 
laboratories agreed; sample number 19 was not typed by the UCLA laboratory, but typed clearly 
as an 0501/0201 heterozygote in the Luminex analysis. Thus, the multiplexed analysis is 
capable of typing the DQAl haplotypes with at least 97% accuracy. 

These studies liave demonstrated that flow cytometry can r^idiy and accurately perform 
resequendng analysis of PCR products. The model system used here required the analysis of 
fourteen DNA sequences to determine eight different DQAl alleles. Flow cytometry was able 
to perform this analysis in a true simultaneous format, using a single sample of a single PCR 
product in a single reaction tube. The entire analysis, including setup, hybridization, flow 
analysis, and data collection and analysis can be accomplished within an hour after PCR 
amplification of the DNA sample. Thus, it is possible to perform tissue typmg or other genetic 
analysis in less than three hours after obtaining a sample of blood, tissue, etcetera, including the 
time required for extraction of DNA and PCR amplification. 
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TABLE 22: DQAl DNA Scqnences 



Name 


Sequence "A" Strand 


Sequence "B" Strand 


Allele 
Specificities 


DQA2501 


TGGCCAGTACACCCATGA 


TCATGGGTGTACTGGCCA 


0101, 0401. 
0501 


DQA2502 


TGGCCAGTTCACCCATGA 

\^C\i UJ ri\j, y) 


TCATGGGTGAACTGGCCA 
(dcV^ lU INU. lU) 


0103. 0201, 
0601 




1 \J\J\3\^ri\j I A^AOLL. A J OA 

(SEQIDNO. 11) 


1 CA 1 UUC 1 G f ACI GCCCA 
(SEQIDNO. 12) 


0301 










DQA3401 


GAGATGAGGAGTTCTACG 
(SEQIDNO. 13) 


CGTAGAACTCCTCATCTC 
(SEQ ID NO. 14) 


0101, 0104 


DQA3402 


GAGATGAGCAGTTCTACG 
(S£Q ID NO. 1 5) 


CGTAGAACTGCTCATCTC 
(SEQ ID NO. Id) 


0102, 0103, 
0501 




QAaACQAUCAU'l'ICl ACU 
(SEQroNO. 17) 


CGTAOAACTGCTCGTCTC 
(SEQroNO. 18) 


0401, 0601 


UVAJ404 


OACACGAGOAOTTCTATG 
(SEQIDNO. 19) 


CATAGAACTCCTCGTCTC 
(SEQIDNO. 20) 


0201, 0301 










DQA4101N 


ACCTGGAGAGGAAGGAGA 
(SEQIDNO. 21) 


TCTCCTTCCTCrrCCAGGT 
(SEQ ID NO. 22) 


0101, 0102, 
0201, 0301 


DQA4102 


ACCTGGAGAAGAAGGAGA 


TCTCCTTCTTCrrCCAGGT 


0103 


DQA4103 


ACCTGGGGAGGAAGGAGA 
(SEQroNO. 25) 


TCTCCTTCCTCCCCAGGT 
(SEQroNO. 26) 


0401, 0501, 
0601 










DQA5501N 


TCAGCAAATTTGGAGGTT 
(SEQroNO. 27) 


AACCTCCAAATTTGCTGA 
(SEQ ID NO. 28) 


0101, 0102, 
0103 


DQA5502N 


TCCACAGACTTAGATTTG 
(SEQroNO. 29) 


CAAATCTAAGTCTGTGQA 
(SEQ ID NO. 30) 


0201 


DQA5503 


TCCGCAGATTTAGAAGAT 
(SEQroNO. 31) 


ATCTTCTAAATCTOCGGA 
(SEQroNO. 32) 


0301 


DQA5504 


TCAGACAATTTAGATTTG 
(SEQroNO. 33) 


CAAATCTAAATTGTCTGA 
(SEQ ID NO. 34) 


0401,0501, 
0601 
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Table 23: Specificity of Oligonucleotide Iniiibition 



Bead# 




2501 


2502 


2503 


3401 


3402 


3403 


3404 


4101 


4102 


4103 


5501 


5502 


5503 


5504 


Oligo 






























none 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


0% 


2301 


54 7b 


10% 


5% 


-1% 




AVa 


1% 


4% 


1% 


3% 


5% 


-9% 


2% 


3% 


2502 


19% 


77% 


-7% 


-2% 


0% 


1% 


-3% 


-3% 


-1% 


-4% 


-4% 


-4% 


-5% 


4% 


2503 


7% 


1% 


85% 


1% 


2% 


4% 


-3% 


-2% 


4% 


-1% 


1% 


-1% 


5% 


6% 


3401 


-1% 


-1% 


-3% 


76% 


1% 


6% 


1% 


3% 


2% 


2% 


5% 


-4% 


2% 


5% 


3402 


-1% 


-8% 


-12% 


14% 


83% 


11% 


-5% 


-5% 


-3% 


-10% 


0% 


-7% 


-4% 


1% 


3403 


-2% 


-3% 


-1% 


0% 


7% 


73% 


-1% 


2% 


1% 


-1% 


5% 


-9% 


-4% 


2% 


3404 


5% 


5% 


4% 


6% 


2% 


8% 


62% 


10% 


9% 


6% 


10% 


0% 


7% 


9% 


4101 


6'/o 


4% 


6% 


10% 


5% 


10% 


6% 


79% 


18% 


22% 


31% 


5% 


12% 


12% 


4102 


OVe 


-1% 


-4% 


0% 


-3% 


5% 


0% 


8% 


79% 


3% 


7% 


-1% 


5% 


4% 


4103 


-2% 


11% 


3% 


5% 


6% 


7% 


5% 


4% 


7% 


71% 


0% 


8% 


9% 


6% 


5501 


-3% 


3% 


0% 


2% 


5% 


5% 


1% 


-1% 


6% 


1% 


79% 


9% 


6% 


4% 


5502 


3% 


5% 


•5% 


5% 


7% 


3% 


-1% 


1% 


2% 


•4% 


-7% 


86% 


4% 


1% 


5503 


-5% 


0% 


-6% 


1% 


2% 


0% 


-2% 


-8% 


0% 


-7% 


-9% 


13% 


80% 


-5% 


5504 


3% 


8% 


9% 


5% 


6% 


5% 


2% 


2% 


7% 


6% 


4% 


13% 


4% 


93% 



TABLE 24. Allele Reactivity Chart 



Allele 


Pattern 


Sequence 


0101 


(1.1.1.1) 


2501 3401 4101 5501 


0102 


(U,l.l) 


2501 3402 4101 5501 


0103 


(2.2A1) 


2502 3402 4102 5501 


0201 


(2,4.U) 


2502 3404 4101 S502 


0301 


(3,4.1,3) 


2503 3404 4101 5503 


0401 


(1.3;3,4) 


2501 3403 4103 5504 


0501 


(1A3.4) 


2501 3402 4103 5504 


0601 


(2.3,3,4) 


2502 3403 4103 5504 
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Table 25. Blinded typing of Genomic DNA Samples for DQAl 
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2501 


■>502 


2503 


1401 




1401 


1404. 


4101 


4102 


1 4103 


5501 


5502 


5503 


5504 


TYPE 


1 


4% 


75<5^ 
/o 


J J /o 


/ /o 


07/0 


0 /o 


JO /o 


36% 


61% 


-1% 


78% 


2% 


75% 


-8% 


Y 


2 


13% 


"J /o 


'I/O 


OJ /O 


-4/0 


-*/o 


-J /o 


3/% 


2% 


-9% 


77% 


0% 


1% 


•11% 


Y 


3 






*tU/0 


0070 


•J To 


V/0 


Oj xo 


51% 


•2% 


-2% 


78% 


-2% 


76% 


-14% 


Y 


4 


77**/. 




1 QO/ 
IO70 


3j% 


Oo% 


V% 


1 0/ 

1% 


-3% 


6% 


33% 


-14% 


0% 


-11% 


36% 


Y 




Jo/o 




•7% 


05% 


7570 


i£0/ 

0% 


1 0/ 

-1% 


40% 


-1% 


36% 


76% 


-3% 


-5% 


48% 
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A 




1 no/ 


1 1% 


-10% 
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-7% 


y1 CO/ 

45% 


21% 


-4% 


-12% 
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-9% 
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-19% 
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<0/ 


f 1 0/ 
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7% 
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10/ 
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43% 
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10/ 
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Measuring Enzymes with Bead-Based Assays 

The invention may also be used in several formats for measurement of enzymes, enzyme 
inhibitors and other analytes. For example, bead subsets can be generated that are modified with 
selected fluorescent substrates which can be cnzymatically cleaved from the bead, resulting in a 
loss of fluorescence (FJ. En^es that can be detected and measured using the invention 
include but are not restricted to, protease, glycosidase, nucleotidase, and oxidoreductase. Any 
enzyme that results in selected bond cleavage can be measured. A cartoon of the action of 
enzyme on a bead-bound enzyme is shown in Figure 51a. An enzyme that acts upon a bead- 
bound substrate so that the bead-bound substrate becomes fluorescent or loses fluorescence 
comprises an assay for the level of enzyme affecting such a change. Figures Sib and Sic depict 
these situations. Alteration of die substrate could be an oxidation or reduction, alteration of a 
chemical bond such a hydrolysis or otiicr alteration of the bead-bound substrate so that the 
fluorescence of the substrate is altered in intensity or spectrum. 

Enzymes tiuit act upon pro-enzymes (convertases) can be measured using a bead-bound 
substrate providing the reaction mixture contains the pro-enzyme and beads bearing a substrate 
that can be acted upon by the active form of the enzyme. (Providing the specificity of each 
activated enzyme is distinct, a multiplexed assay is achievable in which several pro-enzymes can 
be measured at tiie same time.) The sample is introduced into a mixture of pro-enzymes under 
reaction conditions. After a fixed time interval during which the convertase acts upon the pro- 
enzyme, the headsets specific for each enzyme generated from each pro-enzyme arc added and 
the newly generated activities measured in a subsequent time period which is tenninated when 
the headsets are analyzed by flow cytometry; Such a process for a single pro-enzyme to enzyme 
conversion is illustrated by the cartoon in Figure Sid. 

The action of the enzyme can be measured in an indirect but facile manner using a bead 
bound substrate as depicted m Figure Sle. The action of the enzyme on the bead-bound 
substrate results in tiie formation or revelation of a ligate for a fluorescent ligand present in the 
reaction mixture. The bead bearing the modified substrate then becomes fluorescent by virtue of 
binding of tiie fluorescent ligand to tiie newly formed ligate. in practice, die enzyme(s) would 
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be added to the headset under reactive conditions. After a defined time period during which the 
enzyme acts upon the bead bound substrate; the enzyme-action wotiW be stopped and the 
fluorescent ligands added and after a period for association of ligand with the headsets, the 
mixture analyzed by flow cytometry. The fluorescent ligands could be of a single reactivity or 
multiple ligands employed, the critical specificity is that of the enzyme for the substrate. 

The bead-bound substrate may be used to detect the activation of enzyme when the 
en^rme requires a co&ctor for activity. Under this circumstance, the level of the cofactor 
becomes the limiting component of the reaction mixture and determination of the level of 
cofactor can be measured Such a configuration is illustrated in Figure 51f. The reaction 
mixture contains the bead-bound substrate as well as the apo-enzyme. After introduction of the 
analyte (enzyme coActor), the reaction mixture is held under reactive conditions for a fixed 
period of time followed by analysis of the beads by flow cytometry, the level of cofactor limits 
the level of emQTne 'activity. Providing the enzymes present require different cofactors and have 
action on different substrate-bearing headsets, several cofactors could be measured in a single 
assay mixture. 

In short, bead-home substrates can be used as reagent as are soluble substrates for 
enzymes. However, because each type of bead bearing a unique substrate can be distinguished, 
a mixture of bead subsets can be used to measure several enzyme activities simultaneously in the 
same reaction mixture. 

Fluids that can be analyzed using these techniques include plasma, scrum, tears, mucus, 
saliva, urine, pleural fluid, spinal fluid and gastric fluid, sweat, semen, vaginal secretions, fluid 
from ulcers and other surface eruptions, blisters, and abscesses, and extracts of tissues including 
biopsies of normal, malignant, and suspect tissues. An assay according to this aspect of tiie 
invention proceeds as follows: 



1. Beads containing reactive surface groups (one of tiie following; amino, aldehyde, acid 
chloride, amidine, phenolic hydroxyl, phenyl amine, carboxyl) are obtained that can be 
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discriminated on the basis of, for example, forward angle light scatter, C,, right angle light 
scatter. and one of several wavelengths of fluorescence Cj ...C„ which are designated 
as orange and red fluorescence, for exanqsie, and comprise a ntunber of subsets. 

2. Subsets thus obtained are derivatized with a peptide (substrate) having a terminal 
fluorescent green group, for example fluorescein (FJ. 

3. Unreacted surface groups and hydrophobic surface of the bead are blocked and the subsets 
arc processed by a particle analyzer and sorter (FACSCAN) and a uniform population of 
particles are separated which have a low coefBcient of variance for (e.g., 3%), 

4. A fluid to be tested is diluted with an appropriate buffer and added to the headset mixture 
to allow enzymes present in the sample to react with (cleave) their corresponding substrate 

on the surfaces of the beads. 
1 

5. After a defined period of time, the reaction is stopped and the entire mixture processed by 
a flow cytometcr and results are determined. 

The presence of an enzyme in the clinical sample is indicated by loss of fluorescence 
resulting from the cleavage of the fluorescent F„ substrate from the bead surface. Because the 
beads are analyzed in a very small volume (e.g.» about 6 picoliters) as they are passed through 
the flow cytometefs laser beam, interference from free fluorescent molecules (cleaved 
substrate) will not significantly interfere with the assay. This obviates the requirement of 
washing of the beads prior to assay and simplifies the procedure significantly. 

Time 

Time measurement is an important feature of the analysis. The essence of the 
measurement of an enzyme activity is a change in substrate with time. The activity can be 
determined by setting a period of time during which the clinical sample is in contact with the 
beads using standard conditions of pH, ionic composition and temperature. Two alternative 
processes arc available for determination of the bead-bound substrate with time, that is the time 
expired while the enzymc(s) is (are) acting on each beadsct(s). 
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Extemal Time 

In thfe-configDration, as each bead is measured by the flow cytometer, the time at which 
each measurement was obtained is recorded along with the bead's other measurements. Prior to 
the beginning of the assay, the baseline measurement is determined. Once the en^one (clinica] 
sample) is added to the bead mixture, the sample analysis begins. As the beads proceed through 
the instrument, the time data collected is used to determine the length of time that the bead has 
been exposed to the clinical sample. The F„ data collected over the period of the assay is used 
to determine the rate of change of substrate on the beads (kinetics) and thus the rate readily 
derived for each bead subset in the mixture exposed to the clinical sample. 

Internal Time 

Time can be detennined and at the same time a quality control internally generated by 
including a ''timer** bead subset that bears a substrate which is acted on by an enzyme that does 
not naturally occur iii the clinica] sample to be tested. The use of non-pathogenic microbial 
enzymes and substmtes with human samples, for example, would stifQce. The corresponding 
'"timer" enzyme is added to the dilution buffer so that a known concentration of the "^mer"* 
enzyme is present in the buffer. The degree of action of the "timer^ enzyme tipon the beads in 
the '"timer** subset can be measured as a function of the loss of fluorescence of the beads in the 
subset to ensure that proper reaction conditions are achieved. The level of fluorescence of the 
timer beads can thus be used as an internal standard and an estimation of time. 

Determination of Enzvme Inhibitors or Regulators 

In addition to direct assay of enzymes, an assay of this type may also be used to detect 
enzyme inhibitors or regulators. In accordance with this variation, samples being tested for 
inhibitors are added to the headset followed by the comesponding enzymes. If inhibitors are 
present, the measured fluorescent iF„) values will not be decreased to the same extent as a 
control containing no inhibitors. In accordance with Figure 52, m a similar manner, inhibitors 
of enzyme activators or binders of cefaclors can be measured. 
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The present invention provides numerous advantages and overcomes many problems 
associated with prior art techniques of multiplexed diagnostic and genetic analysis apparatus and 
methods. It will be appreciated by those of ordinary skill having the benefit of this disclosure 
that nimierous variations from the foregoing illustration will be possible without departing from 
the inventive concept described herein. Accordingly, it is the claims set forth below, and not 
merely the foregoing illustration, which are intended to define the exclusive rights claimed in 
this application program. 
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(C) REFERENCE/DOCKET NUMBER: ILAB:005 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (713) 787-1592 

(B) TELEFAX: (713) 789-2689 

1 
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His Tyr Gly Ser Leu Pro Gin Lys 
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(2) INFORMATION FOR SEQ ID N0:2: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Tyr Gly Ser Leu Pro Gin 
1 5 

(2) INFORMAnON FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 
GCCTACGCCA CCAGCTCCAA CTAC 
(2) INFORMATION FOR SEQ IDN0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base paira 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

I 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 
GCCTACGCCA CAAGCTCCAA CTAC 
(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /dcsc => "Oligonucleotide" 



(Jd) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

ATGGTGTAAACTTGTACCAGT 21 

(2) INFORMATION FOR SEQ ID N0:6: 
1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 1 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 
TTGGTAGCAG CGGTAGAGTT G 
(2) INFORMATION FOR SEQ ID N0:7: 



21 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



I 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 
I, 

TGGCCAGTAC ACCCATGA 18 
(2) INFORMATION FOR SEQ ID N0:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 
TCATGGGTGT ACTGGCCA 1 8 

(2) INFORMATION FOR SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucldc acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

1 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ED N0:9: 
TGGCCAGTTCACCCATGA 18 
(2) INFORMATION FOR SEQ ID NO: 1 0: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: Idesc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

TCATGGGTGA ACTGGCC A 1 8 

(2) INFORMATION FOR SEQ ID NO: 11 : 
} 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

. (A) DESCRIPTION: /desc = "OligonucleoUdc" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 1 : 
TGGGCAGTAC AGCCATGA 
(2) INFORMATION FOR SEQ ID N0:12: 



18 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc =■ "Oligonucleotide" 



1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
TCATGGCTGTACTGCCCA 18 
(2) INFORMATION FOR SEQ ID NO: 13 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



wo 97/14028 



PCTA3S96/16198 



-126- 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
GAGATGAGGA GTTCTACG 18 
5 (2) INFORMATION FOR SEQ ID N0:14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

■0 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
J 

(ii) MOLECULE TYPE: other nucleic add 

(A) DESCRII^ON: /desc = "Oligonucleotide" 

IS 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

20 

CGTAGAACTC CTCATCTC 18 
(2) INFORMATION FOR SEQ ID NO: 1 5: 

M ©SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



30 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15: 
GAGATGAGCA GTTCTACG 1 8 

(2) INFORMATION FOR SEQ ID NO: 16: 
J 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
CGTAGAACTG CTCATCTC 
(2) INFORMATION FOR SEQ ID NO: 17: 



18 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "OUgonucleotide" 



1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GAQACGAGCAGTTCTACG 18 
(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 8: 
CGTAGAACTO CTCGTCTC 1 8 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pain 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

1 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 9: 
GAGACGAGGA GTTCTATG 18 
(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = "Oligonucleotide' 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

CATAGAACTC CTCGTCTC 18 

(2) INFORMATION FOR SEQ ID NO:21 : 
1 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHc 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: othernucldc acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21 : 
ACCTGGAGAG GAAGGAGA 
(2) INFORMATION FOR SEQ ID NO:22: 



18 
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(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
TCTCCTTCCTCTCCAGOT 18 
(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(P) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0.23: 
ACCTGGAGAA GAAGGAGA 
3 (2) INFORMATION FOR SEQ ID NO:24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base paiis 

(B) TYPE: nucleic acid 

to (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
I 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRH^ON: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 
TCTCCnCTT CTCCAGGT 
(2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



30 
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(ii) MOLECULE TYPE: other nucldc acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

ACCTGGGGAG GAAGGAGA 

(2) INFORMATION FOR SEQ ID NO:26: 
1 

CO SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: odier nucleic acid 

(A) DESCRIPTION: /desc » "Oligonucleotide" 



PCT/DS96/I6198 



18 



(xO SEQUENCE DESCRIPTION: SEQ ID NO:26: 
TCTCCTTCCT CCCCAGGT i g 

(2) INFORMATION FOR SEQ ID NO:27: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic add 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



I 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 
I, 

TCAGCAAATTTGGAGOTT 18 
(2) INFORMATION FOR SEQ ID NO:28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 
AACCTCC AAA TTTGCTGA 1 8 

(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

J 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTIION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 
TCCACAGACT TAGATTTG 18 
(2) INFORMATION FOR SEQ ID NO:30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide' 



(xO SEQUENCE DESCRIPTION: SEQ ID NO:30: 
CAAATCTAAG TCTGTGGA 

10 

(2) INFORMATION FOR SEQ ID.NO:3 1 : 
1 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTHij 18 base paiis 

15 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

JO (A) DESCRIPTION: /desc -"Oligonucleotide" 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:31: 
TCCGCAGATT TAGAAGAT 
(2) INFORMATION FOR SEQ ID NO:32: 

30 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLCXjY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /dcsc = "Oligonucleotide" 



I 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 
ATCTTCTAAA TCTGCGGA 18 
(2) INFORMATION FOR SEQ ID NO:33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: othernucleic acid 

(A) DESCRIPTION: /desc = "Oligonucleotide" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 
TCAGACAATT TAGATTTG 18 
(2) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid . 

(C) STRANDEDNESS: smgle 
. (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic add 

(A) DESCRIPTION: /desc = "Oligonucleotide" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 



CAAATCTAAA TTGTCTGA 
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*'ri3'' 

255 

2760 

15 

120 

495 
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Begin Label Labels 
Alignaeht - 
BacScStyle - 
Caption - 
Forecolor - 
Height 
Left 

TabZndex " 
Top - 
width 

End 

Begin Label Label? 
Alignment 
BaclcStyle " 
Caption 

Forecolor «■ 

Height 

LeCt 

Tablndex ) • 
Top ■ 
Width 
End 

Begin lAbel Labels 
Alignment ^ * 
Bac)cstyle 
caption 
Height 
Left 

Tablndex * 
Top 
Width 
End 

Begin Label Label4 
Alignment < 
BackColor 
BackStyle 
Caption 
Forecolor 
Height 
Left 
Tablndex 
Top 
Width 

End 

Begin Label Labels 
BackStyle 
Caption 
Height 
Left 

Tablndex 
Top 
Width 
End 

Begin Label Linear 
Bac)cStyle 
Caption 
Height 
Left 

Tablndex 

Top 

Width 



2 • Center 

0 • Transparent 

•I Fi^" 

&H000O0OO0& 

255 

2280 

16 

120 

495 



2 • Center 

0 * Transparent 

"PLl" 

&HOOOOO000& 

255 

1800 

17 

120 

495 



2 ' Center 

0 ' Transparent 

"SSC" ■ 

255 

1320 

20 

120 

495 



2 "Center 

KHOOOOOOOOfi 

0 'Transparent 

"FSC" 

SHOOOO0000& 

255 

840 

21 

120 

495 



0 'Transparent 

"Log" 

255 

120 

24 

360 

615 



0 'Transparent 

"Linear" 

255 

120 

23 

600 

855 
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m . 4 



End 

End 

Begin SSFraaa Fraine3Dl 
caption 
ront3D 
Foracolor 
Holght 
Left 

TabXndex 
Top 
Width 

Begin SpinButton spina 
BackColor « 
Dalay " 
ForaCoXor * 
Haight \ ' 
Indax 

L«ft » - 

LightColor * 
SliadeColor 
SUadowBackColor - 
ShadowForeColor « 
SpinBackColor 
spinForaColor 
TdThicknasB 
Top " 
Width 
End 

Begin SpinButton Spina 
BackCoXor * 
Delay 

ForeCoXor " 
Height 

Zndex - 
Loft 

LightColor • 
ShadeColor " 
ShadovBacScCoXor » 
ShadovForaCoXor - 
SpinBackCoXor " 
SpinForaCoXor - 
TdThicScness "* 
Top " 
Width 
End 

Begin SpinButton Spina 
BackCoXor 
DeXay 
ForeCoXor 
Height 
Zndex 
Left 

LightCoXor 
ShadeCoXor 
ShadowBacKCoXor 
ShadowForeCoXor 
spinBackCoXor 
SpinForeCoXor 
TdThickness 
Top 
Width 



-Aoplifier" 

3 'Inset w/iight shading 
&H0OO0O0OO& 
1455 
0 
8 

X440 
42X5 

&H0OOOOOFF& 
100 

&HOOC0COC0& 
495 



3360 

£HaOOC0OC06 
&HO0O00O806 
&HO0OO0OFF& 
&HO00O0OFF& 
&HO0O00OFF& 
&H00404040& 
2 

720 
495 



&H000080FFS 
lOO 

fiHOOCOCOCOi 

495 

3 

2640 

£H000Ga0FF& 
&H00404080b 
&K000080FFfi 
&B00C080FF& 
&H0O0OaOFF& 
&H004 04040& 
2 

720 
495 



fiHOOOOFFOOft 
100 

&B0OC0C0CO& 

495 

2 

1929 

&H0000CO0O& 
&H00008000& 
&HOOO0FF0O6 
&HOOOOFF006 
&HaOQ0FF0Ob 
&Ha040404 0& 
2 

720 
495 
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End 

Begin SpinButton Spina 
BaOccolor 
Daisy - 
Haight 
Zndftx 
L«ft 

SpinBackColor « 
TdThickness * 
Top - 
Width 
End 

Bagin SpinButton Spina 
BackColor ■ 
ForeColor - 
Height 

Index - 
3Left 

LightColor \ 
ShadeCoIor 
ShadovForeColor " 
spinBackColor ■ 
SpinForeColor - 
TdThicknesSf, - 
Top ■» 
Width 

End 

Begin TextBox axnp 
Height » 
Zndaac 
Left 

Tablndax » 
Text 

Top - 

Width 

End 

Begin TextBox anp 
Height 

Index - 
Left 

TabZndex - 

Text 

Top 

Width 
End 

Begin TextBox amp 
Height 

Index - 
Left 

TabZndex " 
Text 

Top « 
Width 

End 

Begin TextBox amp 
Height 

Index " 
Left 

TabZndex - 
Text 

Top ■ 



fcHO0FFFF0O& 

100 

495 

1 

1080 

fiHOOFFFFOOfi 
1 

720 
495 



&H0080FF80& 

&HOOFFFF00fi 

495 

& 

360 

fiHOOFFFFSOfi 
&H00FFFF80& 
&H0080FF80& 
&H0080FF80& 
6H8000a008& 
1 

720 
495 



285 
4 

3360 
13 

«Textl" 

360 

495 



285 
3 

2640 
12 

"Taxtl" 

360 

495 



285 
2 

1920 
11 

"Textl* 

360 

495 



285 
1 

1080 
10 

"Textl" 
360 
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Width - 495 

End 

Begin TextBox amp 
Height 

Index " 
Left 

Tablndex « 
Text > 
Top 
Width 
End 

Begin Label Label3 
Alignment > 
Backstyle * 
caption 
Height 
Left 

Tablndex 
Top * 
Width 
End 

Begin Label Labell 
Alignment < 
BacXStyle 
Caption 
Height 

Index * 
Left 

Tablndex * 
Top 
Width 
End 

Begin Label Labell 
Alignment • 
BacScStyle ' 
Caption < 
Height 

Index 1 
Left 

Tablndax 

Top 1 
Width 
End 

End 

Begin TextBox txtNumber 
Height « 2B5 

Index 4 
Left - 3360 

Tablndex » 5 

Text - "Textl 

Top m 360 

Width - 495 

End 

Begin TextBox txtNumber 
Height e 285 

Index m 3 

Left m 2640 

Tablndex « 4 

Text » "Textl 

Top m 360 

Width » 4 95 



285 
0 

360 
9 

"Textl" 

360 
495 



2 'Center 
0 'Transparent 
"SSC" 
255 
1080 
22 

1200 
495 



2 'Center 
0 'Transparent 

npSC" 
255 
4 

360 
19 

1200 
495 



2 'Center 
0 'Transparent 

15 
3 
0 

18 
240 
495 
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End 

Begin TextBox txtNumber 
Height « 385 

Index - 2 

juecc - 1920 

TabXndex - 3 

Text ■ "Textl" 

Top - 360 

Width - 495 

£nd 

Begin TextBox txtNumber 



Height 

Index - 
Left 

Tab3CndflX - 
Text - 
Top - 
Width 
End I 
Begin SpinButton Spinl 
BackColor * 
Delay - 
ForeColor - 
Height - 
Index 
Left 

LightColor - 
Shadecolor «■ 
ShadovBaekColor » 
ShadovForeColor - 
SpinBackColor - 
SplnForeCoXor 
TdThickness -> 
Top - 
Width 

End 

Begin SpinButton Spinl 
BacXCoXor - 
Delay - 
Height 

Index " 
Left 

SpinBackColar 
TdThickness » 
Top « 
Width 
End 

Begin SSFraae PHI 
Caption - 
FontiD 
Height 

Index " 

Left 

Tablndex » 

Top - 

Width 



285 
1 

1080 
2 

"Tsxtl" 

360 

495 



&HOO00FF00& 
100 

&HO0C0C0C0& 

495 

2 

1920 

&H0000C000& 
&H00003000& 
&H0000FF00& 
&HOOOaFF00& 
&H00OOFF0O& 
&H00404040fi 
2 

720 
495 



&BO0FFFFO0& 

100 

495 

1 

1080 

tKOOFFFFOOfi 
1 

720 
495 



"Photo Multiplier" 

3 'Inset V/ light shading 

1455 

0 

0 

0 

0 

4215 



Begin SpinButton Spinl 

BackColor - &H0DOO00FF& 

Delay - 100 

ForeColor - &H00C0C0C0& 

Height - 495 
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Index » 
Laft 

LightColor * 
ShadeCoIor » 
ShadowBaOcColor » 
ShadowPoreColor = 
Sp inBackCo 1 or » 
SpinPoreColor = 
TdThlckness « 
Top a 
Width 

End 

Begin SpinButton Spinl 
BackColor » 
Delay « 
Porecolor - 
Height 

Index « 
Left ] - 

LightColor » 
Shadecolor 
ShadovB&c)cColor - 
ShadovForeColor - 
SpinBackColoz^i « 
SpinPoreColor 
TdThickness « 
Top - 
Width 
End 

Begin TextBox txtNumber 
Height 

Index a 
Left 

Tablndex - 
Text 

Top m 
Width 
End 

Begin SpinButton Spinl 
BacXColor - 
Porecolor - 
Height 

Index m 
Left ^ 
LightColor • 
Shadecolor - 
ShadovPoreCoXor - 
SpinBacJcColor 
SpinPoreColor - 
TdThickness ■ 
Top 
Width 

End 

Begin Label Labels 
Alignment * 
Backs tyle 
Caption - 
Height 
Left 
Tablndex 

Top wm 



A 

3360 

&HOOOOOOC0& 
&H00000080& 
£KOOOOOOFP& 
&H000000FF6 
&H00OOOOFF& 
£H004040406 
2 

720 
495 



&H0G0030FFfi 
100 

&HOOCOCOCO& 
495 

3 

2640 

&H000080FF& 
&H004C4080& 
&K000080FF& 
&H0000S0FP& 
&K000080FF& 
&K00404 040fi 
2 

720 
495 



285 
C 

360 
1 

"Textl" 
360 
495 



&H0080FP80ft 
&HOOFFPFOO& 
495 
0 

360 

AHOOFFFPaOfi 
&H00FFFF80( 
&H0080FF80& 
£H00a0PF80£ 
&H8000000B6 
1 

720 
495 



2 'Center 
0 * Transparent 
iifiSC" 
255 
1080 
7 

1200 
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width 

End 

Begin Label Labell 

Alignment 

BackStyle 

Caption 

Height 

Index 

Left 

Tablndex 

Top 

Width 
End 

End 

Begin Line Line2 
XI 
X2 

Yl - 
Y2 1 - 

End 

Begin Line Linel 
XI 
X2 

Yl - 

Y2 
End 



495 



2 • Center 

0 'Transparent 

"FSC" 

255 

0 

360 
6 

1200 
495 



2160 
3360 
3120 
3600 



2160 
3360 
3120 
360O 



End 
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Option Explicit 

Function vbgenproc () 

End Function 

sub AssaySel_CllcJc () 
Din y As Intagsr 
Dim X As Xntager 

*find assay record selected 

DrSMle^So?(AssaySel.Text « data2 .Recordset ("as say^naae") ) 
data2 .Recordset. MoveNext 

Loop 

I 

•get number of events required by this assay 
events - dataa .Recordset ("event^count") 

•clear the testdef table; it holds the name of each token (biomolocule 
• assayed) and the base green and over under values 

For X «- 0 To 1023 
For y " 0 To 1 
testdef (y, x) - 0 
Next y 
next X 

dat atst . Ref r esh 

'now load the new values for this assay 

Do While Mot datatst.Recordset.EOF ^.„«a^>,«« 
If AssaySel.Text - datatst.Recordset( "assay") Then 
X - datatst.RecordsQt(2) 'tOcen value 
tknaae{x) - datatst.Recordset('»tolcen_naae") 

testdef (5/x)^- datatst.RecordsetCy + 4) 'load over under green and base gr 

en 

Next y 
End If 

data tst . Recordset . MoveNext 
X«oop 

If X - 0 Then MsgBox "There are no Measurement Parameters defined for this assa 

48, "Assay Select** 
lasttst - X 

End Sub 



Sub CubeSel_ClicX () 
Dim y As Integer 
Dim X As Integer 
data2. Refresh 
AssaySel. Clear 

Do While Not datii2. Recordset. EOF 
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If CuboSel.Text - data2.Recoiwa»u;". "=^naine") Then Assays el .Addl tea data2. 
eGordset( "assay naae**) 

data2 . RecorSset • HoveMext 

Loop 

y - ReadPanel<tbuf (0)) 
Xoadpbuf 

Tf^nbuffj£i <> tbuf(x) Then y SendPanal(x, pbuf(x)) 

If r> 30 Than M^Box "Flow Cytometer is not responding", 48, "Set Flow Cytomet 
r" 

Next X 

datahld. Refresh 
X - 0 

Do While Hot datahld, Recordset. EOF u^ n^^^ 

If CubaSel.Text t datahld.Recordset ("cube^name") Then 

For y«0To7 ^i.,^-,* 
hldtab{y, x) - datahld, Recordset (y + 3) 

Next y 

X - X + 1 

End If 

datahld , Recordset .MoveNext 

If°S « 0 Then HsgBox "There are no Classification Paraneters defined for this t 
be", 48, "Cube Select" 
lastnode • x 

End Sub 

Sub Form_X«oad () 
Dim x As'lnteger 
•x - InitBrdO 
datal. Refresh 

Do While Hot datal.Recordset.EOF 

CttbeSel.Addltem datal.Recordset ("cube^naae") 

datal . Recordset .UoveHext 
Loop 

state - 0 

9ridl.ColWidth(0) - 2400 
qridl.ColHidth(X) - 2600 
For X - 1 To 63 
gridl.RowHeight(x) - 500 
Mext X 

gridl.Row - o 
gridX.Col 0 

gridl.Text - "Bioaolecule Assayed" 
gridX.Col - 1 

gridl.Text - "Result of Assay" 
End Sub 



sub MCAdjust Click () ^ « ^ ck^,. 

If formXlCubeSel.Text <> Then Porm2.Show 



End Sub 
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sub MCCalib_ClicX () ^ ^ ^,,«^„ 

OpInst.Text - »aoad Calibration Baada into TAGS 

End Sub 

sub HCEnd Click () 
End 

End Sub 

sub Opinstox Click 0 
state - st&to -I- 1 
Salact casft state 
Case 0 

Caoe 1 I ^ ^ • 

OpInst.Teact - ••Calibration complete, Select Cube and Assay" 
Case Else 
OpInst*Text • "» 
Tdnit* Enabled » True 
End Select 

End Sub 

Sub RasClear Click (} 
Din X ~ 
For X • 1 To 12 
gridl.Row • x 
gridl.Col m 0 
gridl.Text - 
gridl«Col - 1 
gridl.Text - 
Next X 

gridl.Rov * 0 

TCStart. Enabled - False 

End Sub 

sub TCHalt^Click 0 

• during developaent, the halt button displays the results of classification 

• by token, **** token 0 is the reject class 

Dim X As Integer 
Din y As Integer 
Dim 2 As Integer 
Dim measure As Integer 

X- D0Test(lbuf (0, 0), hldtab(0, 0), testdaf(0. 0), results(0, 0), events, last 
ode, lasttst) 

For y - 0 To 1023 

If results (2, y) <> 0 Then 

gridl.Row « gridl.Row + I 

gridl.Col « 0 

gridl.Text - "bead »• t y 

gridl.Col - 1 

gridl.Text « results (2, y) 

End If 



wo 97/14028 



PCT/US96/16198 



-174- 



FORKl.FRM - A 
Next y 

End S\3h 

sub TCInit Click (} 
Dim X As Integar 
Dim y Xa Integer 
•x « InitBrdO 

If XssaySel.Text - Then ^<i-«i-iu 
oplnst.xext - "You must select a Cube and Assay first! 

Slse 

Por X • 0 To 1023 
Por y " 0 To 3 
results (y^ x) 0 
Next y 

Hext x ^ 

OpInst.Text « "initialization Complete** 
TCStart, Enabled - True 
TCHalt. Enabled - True 
End If 

End Sub 

sub TCStart_Clic)c () 
Dim X As Integer 
Dim y As Integer 
Dim z As Integer 
Dim neasure As Integer 

X - D<«a8t(lbuf (0. 0), hldtab<0, 0). tastdaf(0, 0), reamt8(0, 0), avents. last 
ode, lasttst) 

datalnt • He fresh 

DO While Kot dataint.Recordset.Eor ^,„,^«,^,m n^hori 
If AssaySel^Text - dataint. Recordset ("assay") Then 

rellinl(x)'- aataint.Recordset(x + 2) 'move to temp area 
Next jc 



z ~ resline(O) 'token value 
• test************************ 



results (2, z) - results (2, 2) + 1 
results (0, z) - results (0, 2) + I 

If resllne(2) - 0 Then results t2. z) 'sun green over total coun^ 

End If 

If ((measure >- re3line(3)) And (measure <- reslina(4))) Then 
gridl.Rov - gridl.Row + 1 
gridl.col - 0 
gridl.Text - tkname(2) 

griS:5eitVdataint.Recordset("interpretation») 
End If 
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End If 

dataint.Racordfiet.HoveNext 

Loop 



graphl^HandoaData - 1 

graphl*Ile£resh 

s'tattt - 0 

■ Assays«X • Cloar 

Oplnst.Text « "Test Complete" 
£nd Sub 

Sub Tiaeri Tlaer () . 
Dia X, ? As Integer 
y m ReadPanel(tbu£(0)) 

X - tbuf (38) 

* set Waste Water indicator 
y - X And 1 

2-1 

If y - 1 Then z • 0 
WHPlc(z) .Visible » False 
WWPic(y) .Visible « True 

• set Sheath Fluid 
y « (X And 2) / 2 

2-1 

If y -1 Then z - o 
SFPic(z) .Visible - False 
SFPic(y) .Visible - True 

*8et pressure 

y - (X And &H80) / £H80 

2-1 

If y 1 Then z - 0 
PltPic(z) .visible - False 
PSPic(y) .Visible - True 

*sat flow 

y - X And &H70 •mask bits 

Sslect Case y 

case fiKlO 

FCPic(O) .Visible « True 
rCPic<l) .Visible - False 
FCPic(a) .Visible - False 

case &a20 

FCPic(O) .Visible - False 
FCPic(l) .Visible - False 
FCPic (2) .Visible - True 

CAse £H4D 

FCPic (0) .Visible « False 
FCPic (1) .Visible - True 
FCPic (2) .Visible - False 
Case 0 

FCPic (O) .Visible - False 
FCPic (1) .Visible - False 
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FCPic(2).Vislbia - True 
£nd Select 



End Sub 



A3 integer) 



As Integer) 



just screen to reflect 
nxt 



I) 



%ua 
!rue 
True 
Me 
me 



rue 



Lonl(pbuf (40) - 2) .Value - True 

[pbufClO) * .05, "###.00") 
[pbuf(ll) * -02, "###.00"). 
[pbttf(12) / 100, "###.00") 



I" 

Isabled** 
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End Sub 



Sub amp Change (Index As integer) ^ » „ ^ 

If Val (Sup (Index) .Text) > 999 Then amp (Index) .Text - -999" 

pbuf (Index + 18) - Val (amp (Index) .Text) 

«Bp( Index) .Text - Format (pbuf (Index + 18)) 

End Sub 

Sub Coiniaand3Dl_Click () 
form2«Hlde " 
End Sub 

Sub caBmand3D2_ClicX () 

Dim X As Integer 

Dim y As Integer I 

Dim z As Integer 

y - ReadPanel(tbuf (0) > 

For X " 13 To 42 

If pbuf(x) <> tbuf(x) Then y - SendPanel(x, pbuf(x)) 
Next X ». 
End Sub 

Sub CQaaand3D3_Clic)c () 

Dim y As Integer 

Dim X As Integer . 

loadpbuf 

setpvals 

For X " 13 To 42 

IfV^So'^Sen'^MsgBSx^^ Cytometer is not responding", 48, "Set Flow Cytomet 
Next X 
End Sub 

sub Command3D4_Clic)c () 
savepbuf " 
End sub 

Sub CQmnand3D5_Clic)c () 
form2«Hide ~ 

End Sub 



Sub ddmscroll Change (Index As Integer) 
pbuf (Index + 41) - ddmscroll (Index) .Value 
ddmtxt (Index) - Format (ddmscroll (Index) ) 



End sub 



Sub ddmtxt Change (Index As Integer) 

If Val (ddmtxt (Index) ) > 999 Then ddmtxt(Index) - "999*' 
ddmscroll (Index) .Value - Va 1( ddmtxt ( I ndex ) ) 
pbuf (Index + 41) - ddmscroll (Index) .Value 



End Sub 
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Sub fllmod Click (Index Aa Intager, Value As Integer) 
pbuf(25) - Index 
It Index " 0 Then 

spina (2) .Enabled « False 

aap ( 2} * Enabled « False 

Else 

spina (2) .Enabled « True 
unp( 2} .Enabled - True 
End If 

End Sub 

sub fl2ood_Clic}c (Index As Integer, Value As Integer) 
pbuf{26) -'Index 
If Index - 0 Then 

spina (3) .Enabled » False 

anp (3) .Enabled « False 
Else ] 

6pina(3) .Enabled - True 
asp (3) .Enabled - True 
End If 

End Sub ^ 

Sub fl3aod_Click (Index As Integer, Value As Integer) 
pbuf (27) - Index 
If Index m 0 Then 

8pina(4) .Enabled » Falsa 

uip( 4) .Enabled « False 

Else 

spina (4). Enabled - True 
a»P( 4) .Enabled - True 
End If 

End Sub 

Sub Fom Load () 
Dim X As^integer 
Din y As Integer 
loadpbuf 
setpvals 

fora2. Caption - f oral ICubeSel- Text & " Cube Manual Adjust" 



End Sub 

Sub fscaod^ciick (Index As Integer, Value As Integer) 
pbuf (23) - Index 
If Index 0 Then 

spina (0) .Enabled » False 

aap(0} .Enabled - False 

Else 

spina (0) .Enabled ^ True 
aBip(O) .Enabled - Trua 
End If 



End Sub 

Sub HScrolli^change (Index As Integer) 
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pbuf (Index + 34) - HScrolll (Index) .Value 
textl(Index) - Format (HScrolll (Index) ) 
End Sub 

Sub Optionl Click (Index As Integer) 
pbuf (40) » Index + 2 
pbuC(39) » 1 
End sub 

sub Sptnl^SpinDovn (Index As Integer) 
Dim mLtx " 

pbuf (Index + 13) - pbuf (Index + 13) - 1 

If index - 0 Then min - 0 Else "^150 ^ 

If pbuf (index + 13) < min Then pbuf (Index + 13 - min 

txtNuaber (Index) .Text - Format (pbuf (Index + 13) j 

End Sub 

sub Spinl^SptnUp (IndAX As Integer) 

Dim max " * 

pbuf (Index + 13) - pbuf (Index + 13) + 1 

If Index - 0 Then max - 4 Elsa " ^ „^ 

If pbuf (Index + 13) > max Then pbuf (Index + 13) - max 

txtMuabor ( Index) .Texjt - Format (pbuf (Index + 13)} 

End sub 

Sub Spina_SpinOovn (Index As Integer) 
Dim min " 

pbuf (Index 4 IS) - pbuf (Index + 18) - 1 
min 100 

If pbuf (Index + 18) < min Then pbuf (Index + 18) - min 
amp (Index) .Text - Format (pbuf (Index + 18)) 

End Sub 

sub Spina_SpinUp (Index As Integer) 
Dim max ~ 

pbuf (Index + 18) - pbuf (Index + 18) + 1 
max "* 999 

If pbuf (index + 18) > max Then pbuf (Index + 18) « max 
amp (Index) .Text - Format (pbuf (Index + IB)) 

End Sub 

sub sscmod ClicX (Index As Integer, Value As Integer) 
pbuf (24) -"index 
If Index - 0 Then 

spina (1) .Enabled « False 

amp (1) .Enabled * False 

Else 

spina (1) .Enabled » True 
amp(l) .Enabled » True 
End If 

End Sub 

sub Textl Change (Index As Integer) 

If Val (textl (Index)) > 999 Then textl(Index) - "999- 

HScrolll (Index) .Value - Val (textl (Index) ) 

pbuf (Index + 34) - HScrolll (Index) .Value 
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F0RH2.FRM - 5 
£nd Sub 

Sub trlgger^Cllck (Index As Integer, Value As Integer) 
Dim X " 
For X 29 To 33 
pbuf(x} - 0 
Uext X 

pbuf (Index + 29) - Val (trigval.Text) 

trigsav - Index 

pbuf (28) • 128 + Index 

End Sub 

Sub teigval Change {) 

If Val(trigval,Text) > 999 Then trigval.Text » "999" 
VScrolli.Value - Val (trigval.Text) 
pbu£(trigsav <»- 29) « VScrolli.Value 

End sub I 

sub VScrolll Change () 
trigval.Text"- Foraat( VScrolll. Value) 
pbu£ (trigsav 4 29) « VScrolli.Value 

End Sub ^' 
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MODULEl.BAS - 1 

Option Explicit 

GlobaX pbu£(64) As Integer 

Global tbuC(64) As Integer 

Global lbuf(8, 32) A3 Integer 
Global hldtab<7, 1023) As Integer 
Global results (3, 1023) As Long 
Global testdetCl, 1023) Aa integer 
Global realine(5) As Integer 
Global tknaae(l024) As String 
Global state As Integer 
Global lastnode As Integer 
Global lasttst As Integer 
Global events As Long 



D*cl«/?SS25on RaadPanel Lib «cs\a8vc\bin\orbit.dn" (pbuf As Intsgor) As Int 
Declare Function ReadList Lib -cs \«svc\bin\orbit.dll- (Ibuf As Integer) As Inte 



er 



Sub^loadpbuf^O^ cube, th. data base values are loaded into pbuf 
Dis X As Integer 

£onn21£ac8et. Refresh „ _ 

Do While form21facset.Recordset.E0F - False 

If fonnliCubeSel.Teaet - f or»2 If acset. Recordset (0) Then Exit Do 

f orm2 1 f acset .Recordset. Mo veNext 

Loop 

For X 0 To 42 

pbuf (X) - form2 If acset. Recordset (X + 1) 
Kext X 

End Sub 

Sub savepbu£ ( ) 

• This saves the current values in pbuf to the data base 
Dim X As Integer 

fona2 If acset .Refresh ^ . 

Do While forB21fac«et. Recordset. EOF - False 

If formllCubeSel.Text « fora2 If acset. Recordset (O) Then Exit Do 

formal f acset. Recordset. MoveMext 

Loop 

f orm21 f acset. Recordset. Edit 

For X « 0 To 42 ^ ^> » 

form2 1 f acset. Recordset (X + 1) - pbuf(x) 
Next X 

f orm2 1 f acs et . Recordset. Update 
End Sub 
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K0D0LE2.BAS - 1 
Option Explicit 



I 
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nnuiiiiiuniinnnnnunniuiiunnnnniiniui 



// 

'Iimtniuinnnuiiiinnininnninnnnuuiiiiiin 

^iaeludtt <wlAdowa.h> 
#laaLttda *mdxdlL.h* 

Iftt WIMKPI ^axport InttBed(vold) 
t 

Asn 

BQv dXfbrdetrl 
Bov ax#30b 

out dXrUC 

MOV dXfbrdetrL 

:^:Sl«iAclr ...t both £i<o. to elo« 

or uclnflfoelr 
out dx»«x 

Bov aacO *|Mt: x£«r count to 0 
out dji»ax 

BOT dXrprtetrl 

:r «:rtio ,..t co«t.cx xm.. t- ^i- 

or AXrCtll 

out dx,mx 





dJCrprtctrl 


in 


&x«dx 


mov 




not 


bx 


and 




out 


djc*ax 


or 


axvproaat 


out 


dx,ax 


BOV 


dx.brdata 


La 


aXfdx 


BOV 


• dx,lnpx£«r 



;r«aat f«cs 



Itoggla 



BOV ax»0 

out dXrU 

BOV dx,prtctrl 

BOV ax.fi i»»»«rt ctlO 61 

out dx,ax 

// ftBB coda haro 

) 

/ /BandPanal (ddttaaaf 1 U 
ratum<0) i 

) 

mt VIKKPI ^aicport SandPan.1 ( tnt P*™^ i"*^ ^-"V*^* 
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{ 

Lnt i • Of 



nov dx^brdcUrl 

La aji.dx 

mov bx«in«a 

not to« 

or « ou1;ui 

out dae^ax 

BOT dbcpctctrl 

in tLX,dx 

Bov bxrctio 

net bx } 

and axrbx 

out dx,ax 

Bov dx«bsdetrl 

In A3K,dai ^ 

or ax^outflfoelr 

out dJCrU 

Bov bx,ent£ifoeLr 

not bx 

and axfbx 

out dx#ax 

mov dx.bdata 

BOV axfl 

out djc,ax 

■ev bx,puii ig»t cod« 

•hi bx*10 

ttov ucPanVal P*n*l 
and axr3ffh 
or axtbs 

out dx,mx tmmnd It out 

nov ' dXfdlyetrl 



fflOV 


ax,0160h 


out 


djc,ax 


mov 


cSxtbrdetrl 


in 


aXfdx 


or 


ax#hahkon 


out 


dx^ax ' 


mov 


cx,4000 


wsandt taov 


dxybrdat* 


in 


ax«dx 


BOV 


bx«ax 


and 


bx.l 


Xoopft 


waond 


and 


u,40h |bi 


3n. 
nov 


waand 


dxrprtetrl 


in 


ax»dx 


or 


ax,etLO 


out 


dxpax 
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mav 


dxfbrdetrl 


Ln 




BOV 


bXfOutan 


or 


bx»hahk«n 


not 


hx 


•nd 




out 




mov 


dx^dlyotrl 


aov 


ax^OlOlh 


out 




// »»n 


coda hora 



> 

xotusn<i)i 

} 



int NZKA?I export: iUftdPanal(int tMX -pbuf) 

iat fxr* pbttfptr - pbut; 



V* 



< 




BOV 


dxtbrdetrl 


lA 


ax^dx 


or 


AXfOUtfLfoeXr jeat both £!£□■ to claar 


or 


aXfLnf Ifoelr 


out 


dx^ax 


BOV 


dXflnpxfar 


BOV ^ . 


• ax#0 laat xfar count to 0 


out 


dx»ax 


BOV 


dx»prtetrl 


BOV 




or 


ax.ctlO yaat eoatrol Unas to idla 


or 


ax»ctll 


out 


dx^ax 



BOV dxyprtetrl 

in axfdx 

or axfpraaat itoggla 

out dx«ajc 

lowlpt BOV dxiprtata 

in ax,dbt 



bx«ax 

and ax»atal |haa stal gona low yat7 

js waithigh fyas» vait for Lt to go back high 

jap loulp J •••»••••••••*•• 



waithighi 



BOV dxvbrdetrl ;no, panaX coning ao aat up raad 

in Ax,dx 

and al.Oeah ihandak off out off 

or ax, 8 icLr in fifo 

out dx,ax 
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aL«0f7h ;fifo cir off 

dx,Lnpxfar M«t up ximr count 

Am, MX 

dxrprtetrl 

bx^etlO 
bx 

dx^uc laat etlO to raquaac paxial data 

dx,dlyetrl 
ax, 101b 
dx»ax 

dXfbrdetrX 
ax.dx * 

ax.hahkan /Inltlata handahaka 

dx*ax 



dx^brdati^ 
bx^xfarineoffl 
bx»x£erpand 
ax,dx 

ax^bx I wait until xfar not pending 
waltdata I or IneenpLata 

dxrprtetrl ;dona 
axrdx 

ax^etlO I stop 
dx^ax 

dxybrdetrl 
ax,dx 

alfOabh i^um o££ handahaka and input anabla 
dx«ax 



raadlpt 



pUBh 


di 


piiah 


•a 


ex, 43 


I«a 


difpbufptr 


BOV 


dx, bdata 


in 


ax#dx iraad data froa flfo 




bx«ax 


and 


ax,3ffb 


and 


bx*0£eOQh 


■hr 


bx«9 iright 10 • 3 


BOV 


word ptr sat (di4>bx]«ax 


loop 


raadlp 


pop 


aa 


pop 


di 



> 

raturn(0)f 

) 

Int HIIMI _«xport DoXaatJint far *lbuf, int far •hldtab, 

~ Xnt far •toatdef, long far •reaulta, 

long avanti, Int laatnoda, int laattat) 



and 

out 

may 

BOV 

out 

BOV 

In 

not 
and 
out 

BOV 
BOV 

out 

BOV 

in 
or 
out 

wai^datai 



or 
in 
and 
jna 

BOV 

in 
or 
out 

BOV 

in 

and 

out 
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( 



Int fAr« hXdptr - hldtAbi 
Int far* taatptr - ^satdaf i 
long fAz* raaptr - rasultsi 

int x,y,s,bdirgaodent^tekftn - 0/ 

9oodent - ii«4dl.ist(lbttfp«r) i ' 
If (goodcnt > 0| 



for (todl - Ot bdl < goodcttt; bdl**) 
{ 

X - y - Of 

// erango eorroetioa goM hmrm for Ibufptr[bdl) (flS] 
// X is Uia eurront noda in th« hid tatalo 

whUa (token < 0) 

( 



I val fifi high val 
/ 0 naana dona, gat tokan trua 

/ gat tokan f alaa 



count 
vor count 



s - Itoufptrthdi * a (hldptr(x * B1)J> 
// a is tha valua of tha paraaiatar nndar taat 
if {(a >- hldptrtx •8 + 3]) » (x <- bldptrfx • » + 3])) //low 

if (hldptrtx * a ♦ 4) — 0) tokan - hli^(x • a ♦ SJi / 

alaa x - hldptrjx • 8 ♦ 41; // gat noda tcua 

> 



aXaa 



> 



if (hldptrtx * a ♦ 5| 0) tokan * hldptr(x •8 4 7); 

alaa x " hldptr(x ♦ 8 ♦ 5)j // gat noda falaa 

> 



avanta-*-! 

a - Ibufptrthdi • 8 + 2); // a ia 1X1 

if (I < taatptrttokan • 3 ♦ 1)) raaptrttokan • 4)'M.| //inc andat 

if (« > taatptr(tokaa * 2 ♦ IJ) raaptrC tokan * 4 + /fine * 

raaptrttokan • 4 + 2)>+| // ine total count 
raaptrltoXan • 4 ♦ 3) +- aj //aua TLl 



i 

nop 

> 



raturn(O) t 
> 



int WIKAPI _axport RaadLiat(int far -Ibuf > 
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( 

int £*r* Ibufptr » lbu£2 
int I « 0| 



ABB 

< 

I rMd Use modm 



BOV dXfbrde^rL 

In Ax^dx 

or ucfoufefifeelr i»e both fiiei to elaar 

or ucylnflfoeLr 

out dX»«JK 

BOV dx«iBpac<ar 

BOV aac^O /sat xfar count to 0 

out dx#uc J 

BOV dXfprtotrl 

BOV *x,0 

or ax.ctlO jaat control llnaa to Idla 

or «jc,ctll 

out djCfAX ^ 



BOV dxiprtetrl 

in aXfdx 

or aXfprooat itog^i* 

eat dx,Mx 

lowlplt BOV d3C,prt«t« 

in mx,dx 

BOV b»r«x 

and aai,at«0 |haa stsO gona low yat? 

3 a vaitliigM w*^^ ^ 

jap lowlpl ; 



waithighli 



BOV djc^brdetrl ino, ILat nodo coming ao aet up raad 

in mXfdx 

and alrOoah jhandak off out off 

or ajCrS ;elr in fifo 

out djt^ax 

and al,or7h |£ifo cLr ott 

out dXf ax 

puah aa 

push di 

puah da 

puah ai 

iaa di,ltau£ptr 



dXfinpxfar I'^t up xfar count 

ax, 120 )7 vala + chk aura * 15 avanta 
dx^ax 



BOV dx^prtotrl 
in ax^dx 
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aot bx 

and ftx.bx ^ ^ * 

out dx«Ax (••t ctll to raquflst liot d*t« 

BOV dx.dlyetrl 

laov ucplOlh 

out dXfAJC 

■ov dx«brdctrl 

in ax.dx ^ ^ ^ 

otf ucfbahten ilnitlAt* hmndahaka 

out dat^ax 

mltdatsli 

■ov dx^brdata 

or bx«x£«sp«nd 

la MXpdM 

«nd ax,bx ftWAl-t until utmr not pandlng 

jn« wAltd»t*i |or IncompXntn 

BOV dXfbdata 

aov cXfiaO >nunto«r o£ %#orda to raad 

obuaki in ax»d3t 

■tonv ^ 

loop chunk ' 

■or dXfprtctrl idono 

la axfdx 

or aXfCtXl i«Cop 

eat dx«ajK 

oov dxtbsdetrl 

and al!onbh |tum o££ handahAko and input anabl* 

out dXrSX 

l«a dlrlbufptt 

Ida aiflbufptr ^ 

«ov cx,a5 fup to 13 900* ovanta could ba praaant 

ichack alignaaat 

awv dx,0 letmnt of good racorda 

taat word ptr (aiJrOoOOOh 
jx alnok 

dae cx lenly 14 ibax poaaibla now 

puah ex 

BOV cx,7 tmmwi othar poaalblo alignmenti 
aXnlpt lodaw 

taat axyOaOOQb 

j« aomXaok f^ow hava allgnmant 

loop alalp' 
pop ex 
jnp badbuff 
nowalnoki 

aub al#2 ;rapoint «o good align 

pop ex iroator* loop count 

alnokt puab ex 

BOV eXfl 

mov bx»0 
aumehks lodaw 



wo 97/14028 



PCT/US96/16198 



-191- 



■uaehk 

bx.Ax ;ls ehaek aua good 
ti«16 rrspoiat to •eart of rao 

ax«3ffb iknook off pmxm nuabar 
eLncpy 

dx I count good roeorda 

ex 

al 

da * * 
di \ 
•a 



////////////////////////////////;////////////////////////// 
n 

II DLL laltiallMtlea and axU. 

// 

Int ITZmX XAbMaln(BMIDLX tilnat, «OHD wDataSag, 

WORD cbHaapSize^ LPSXR XpaxQadLlna) 

{ 

hUodZnat » hXaati 
if (ebBaapfllaa l« 0) 

UaIee]KData<0)i 
ratura 1| 

> 



int axpect HZtOPX KtPflnt nParan) 
( 

ratara 1; 

> 



add 

loop 

lodiw 

CBp 

jna 
aub 
■ov 

elaepyt lodaw 
and 
Btoaw 
loop 
lac 

nocopy I pop 

' loop 
badbuff s 

aov 

. : P^ 
P«P 
pop 
pop 



> 

ratiLrtt{i)r 
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iinuutmuuiiuiinuunntinnnininniuniuin 

II Znoluda t%Xm foe MDXOLL.SU* 

'iiiiuiiiinnuiiiiiiiiutinnnniiniiununiiiiiiiii 

#LfdB£ cpIuapXm 

lunniiniiiiiiiiiiiiiiiiinuiiiiiinninniuiiiuini 
II 

II 0«£lfia OEBUO aaeroa. 

da£ia«d(_0X80Q> && Id«f ln»d(_MrX) 
char _u_AS5X3rr(255)| 

#d«fina ASSXRT{*) IfClll)) K *«prlJit£(_«»_A4SniT, \ 

"aasartlon ealXad la flla %■ i^t Una %d\r\n"« \ 

(LPST»)(_TOB_),_tXHB_,)| OtttptttD«b«gStrtng(.««.MSBRT) i ) 
#d«£lna TitXCB(&) OtttptttDabttgStrtng(«"\r\n«) 
#d«£in« TBMaicarbl i v«p<rl«fc£ ••\'\a"'li**> N 

OutpatO^ugStriagC a^ A34X1CZ) | } 
#da£lM T3lACS3(afb,e)~ <"w8i>rlJitr(^aa_xaaraT,a-\cVtt-r(lnt)(b),(tnt) {c))i \ 

Ou^t0abu9Strlng|_ax_ASSZItX) r ) 
#«ndl£ 

#1£ ld«£iA«d(_OXBDO) U lda£lxMd(_AYX) 

#da£iiia XS8»IXCa> 
Ma£iBa T3tACS(a) 
#da£ina T»CEl<a«b) 
#da£ina TiaeB2<a,fa«fl) 

#aiidl£ 

iiiiiiiiiniiiiiiiiiiiiiiiiiiiuiniiiiiiiiinniiuniiin 
II 

II rram Hlndovaz.h 

#da£lna GltibaLPtraandla(lp) \ 

( (HBL0BAX*)LOBI0BO(Globaia«ndla (STLSCTOROr (lp> ) ) ) 

#da£lna OlobaLLookPtr(lp) \ 

( (B0OL)SSUECXOBOr(OXoba}Xock(01obalPtrHandL«UP) ) ) ) 

#da£ln« OlobaLOaXoekPtrUP) \ 

aXdbalVnlockieiobalPfenundlaUP) ) 

#da£in« 0LobaljaieePtr(£la9a» eb| \ 

|aLobaiXAck<OlobalAlloc((£Ia9a), (eb)))) 

#da£iiia ClabalRaiUlocPtrtXp* cbHaw, tXaga) \ . ^ , „ ^, ,n iebUowi. f 

(OXobaXUaXoekPtrCiP)* Clob»XLock(OXobalIUAlloo(CXobaXPtrH*ndla(lp> , (cbWaw), l 

Xaga)))) 

#da£lna clobaXTraaPtr(Xp) \ ^, , 

(GXobalUaXockPtr(Xp) , (80at)ClobalTraa(OlobaXPttHandla<Xp) ) ) 



iiiniiiniiiiiiiuiiiiiiniiiiinniniiiiiiiuiinunni 
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II 
11 



HINSZANCS hModlnati 



// modal* bandla. 



// cytmnation board daflnltiena 

$MiXi% baM 0x340 
#d«<Ua bdafca baaa ♦ 0 
^daflna brdetrl baaa 4- 3 
#da<lna bcdata baaa > 4 
#daflaa prtetrl baaa ^ 4 
#daf ina prtsta baaa 4> • 
#daflna dlyetrl baaa > OxOa 
#daf Ina inpocfar baaa 4- OxOo 

//fmea codaa | 

#daf laa ddaona 39 

//board control 

I #daf iaa owton 1 

I #da<iji* eutfif oelr 3 

i #daf laa isan 4 
#da<lna laflf oelr B 
#dtf Lna bahkan 0x10 

//board atatua 

#dailaa outfifoa 1 

#dafiaa eutf Ifob 3 

#dafiaa out<ifof 4 

#dafijBa lafKoa S 

#dafina iafKob OiaO 

#da<iaa iaflfoC 0x30 

#dafta* xfarpaad 0x40 

#daiina xfarlnoea 0x80 

//port control 

#daf Ina praaat 1 
#da21aa ctlO 3 
#daf Ina ctll 4 



/////////////////////////////////////////////////////////// 
// 

// Sxportad Fanetloaa. 

// 



//port 



atatoa 



#dafina air 
#d«f Ina pita 
#daf ina ataO 
#da£ina atal 



1 
3 
4 
t 



/////////////////////////////////////////////////////////// 
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// 

// LAcal runetlona. 

// 

int HIKAPZ export AandPuial < i&t P*««< i»* P4nV«l)j 

mt WIIOUPI 'ftxporft &aadPAMl<lnC pbuf|l)l 

int WXIAVZ 3«xport IU&dlJ.Bt<int IbufHU 

Int WZMAVI "•jcport Zuitaffd <veld) i 

Int wmXFl "-xport DoT«»t{lnt IbufH, int hldtab(K 

" int t««td«l(), long r«Bult«tl# 

lonv •▼•xtt», int l*«taoda, Int lasttat)f 

#Lfdaf cpluapltta 
#«adlf 



1 
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Modttl* Oaf Laltion fll« for liaXDt2..SLL 



LZBBXIUr MDXDLL 

DXSCUXVTIOH 'MDXDXX Xd^rary* 

*x* t <vr wzmoMS 

coot PRELOAO KOVXBLX 

DATA ra£U3M KOVABLZ 

1034 



WSP 91 BBSZOBimiAKE 

InitBrd 92 ] 



■1 13 

MMSLUt 85 
Oonst 86 
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WHAT IS CLAIMED IS: 

1 . A method of preparing a headset capable of detecting a plurality of analytes in a single 
fluid sample by flow cytometric analysis comprising: 

(a) obtaining a plurality of subsets of beads wherein the beads in each subset are 
sufficiently homogeneous with respect to at least three selected classification 
parameters (C/» Cj ... CJ and sufificienlly different in at least one of said 

. classiflcation parameters from beads b any other subset so that the profile of 
classification parameter values within each subset detectable by flow cytometry 
isuni(^; 

(b) coupling the beads within each subset to a reactant that will specifically react 
with a given analyte of interest in a fluid to be tested; and 

(c) mixing the subsets of beads to produce a headset, wherein the subset identity and 
therefore the reactant to which the bead has been coupled is identifiable by flow 
cytometry based on the unique classification parameter profile of the beads. 

2. A headset cs^ablc of detecting a plurality of analytes in a single fluid sample by flow 
cytometric analysis comprising a plurality of subsets of beads wherein: 

(a) the beads in each subset are sufBciently homogeneous with respect to at least 
three selected classification parameters (Q, Cj ... C«) and sufficiently 
different in at least one of said classification parameters from beads in any other 
subset so that the profile of classification parameter values within each subset 
detectable by flow cytometry is unique; 
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(b) wherein the beads within each subset are coupled to a reactant that will 
specifically react with a given analyte of interest in a fluid to be tested; and 

(c) wherein said subsets have been mixed to produce the headset, characterized in 
that the subset identity and therefore the reactant to which the bead has been 
coupled is identifiable based on the unique classification parameter profile of the 
bead. 

3. A method of flow cytometric analysis capable of detecting a plurality of analytes of 
interest in a sin^e fluid sample comprising: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each^subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C/, Q, Cj ... CJ values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a reactant that will specifically react with a selected analyte 
of interest in a fluid to be tested; 

(b) mixing, to produce a reacted bead sample, the headset with the fluid to be tested 
tmder conditions that will allow reactions between analytes of interest in the fluid 
and the reactants on the beads in said set, wherein a reaction between a reactant 
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and an analyte of interest on a bead causes a change in the value of a fluorescent 
signal (F„) emitted from said bead; 

(c) analyzing the reacted sample by flow cytometry to detennine the classification 
parameter value profile and an value of each bead analyzed; 

(d) identifying the subset to which each bead belongs and therefore the reactant on 
the bead as a function of the unique profile of classification parameter values; and 

(e) detecting the presence or absence of a particular analyte of interest in said sample 
as a function of the identification in step (d) and a change in the F„ values of the 
beads'in each of said subsets in the reacted fluid sample relative to the F„ values 
of the beads in each of said subsets not reacted with said fluid, 

4. A method of flow cytometric analysis capable of detecting a plurality of analytes of 
interest in a single fluid san^>le comprising: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C;, C^, Q ... CJ values and sufficiently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a reactant that will specifically react with a selected analyte 
of interest in a fluid to be tested; 
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(b) mixing, to produce a reacted bead sample, the beadset with the fluid to be tested 
under conditions that will allow reactions between analytes of interest in the fluid 
and the reactants on the beads in said set; 

(c) mixing with the reacted bead sample a fluorescent label under conditions such 
that said label will bind to and thereby increase the value of a fluorescent signal 
F„ emitted from said bead; 

(d) analyzing the reacted sample containing the fluorescent label by flow cytometry 
to detemiine the classification parameter value profile and an value of each 
bead analyzed; 

(c) identifying the subset to which each bead belongs and therefore the reactanl on 
the bead as a function of the unique profile of classification parameter values; and 

(f) detecting the presence or absence of a particular analytc of interest in said sample 

I 

as a fimction of the identification in step (e) and an increase in the F„ values of 
the beads in each of said subsets in the reacted fluid sample relative to the F„ 
values of the beads in each of said subsets not reacted with said fluid. 

5. A method of flow cytometric analysis capable of detecting a plurality of analytes of 
interest in a single sample comprising: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (Q, . C„) values and suflicicntly 

different firom beads in any other subset in at least one of said 
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classification parameter values so that the profile of classification 
parameter values within each subset detectable by flov^ cytometry is 
unique, 

(2) are coupled to a reactant that will specifically react with a selected analyte 
of interest in a fluid to be tested, and 

(3) are reacted with a fluorescently labeled compound which competes with 
said analyte for reaction with said reactant; 

mixing, to produce a reacted bead sample, the headset with the fluid to be tested 
unde^ concBtions that will allow reactions between analytes of interest in the fluid 
and the reactants on the beads in said set and thereby to allow the analytes to 
competitively inhibit or displace the fluorescently labeled compounds from said 
beads, resultmg in a decrease in a fluorescent signal F„ emitted from a bead with 
which an analyte of interest in the fluid has reacted; 

analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F„ value of each bead analyzed; 
identifying the subset to which each bead belongs and therefore the reactant on 
the bead as a function of the unique profde of classification parameter values; and 
detecting the presence or absence of a particular analyte of interest in said sample 
as a fimction of the identification in step (d) and an increase in the F„ values of 
the beads in each of said subseU in the reacted fluid sample relative to the F„ 
values of the beads in each of said subsets not reacted with said fluid. 
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6. The method of any one of claims 3, 4, and 5 wherein C/, C> and Cj are each different 
and are selected fix)in the group consisting of forward light scatter, side light scatter and 
fluorescence. 

7. The method of any one of claims 3, 4, and 5 wherein n is greater than or equal to 4 and 
C; is forward angle light scatter, C; is side angle light scatter, Q is fluorescence at a first 
\yavelength and Q b fluorescence at a second wavelength. 

8. The method of claim 7 wherein said first wavelength is red and said second wavelength 
is orange. | 

9. The method of claim 7 wherein said first wavelength is red, said second wavelength is 
orange, and the wavelength of said F„ signal is green. 

10. The method of claim 3 wherein said analytes of interest are antigens and said reactants 
are antibodies specifically reactive with said antigens. 

1 1 . The method of claim 3 wherein said analytes of interest are antibodies and said reactants 
are antigens specifically reactive with said antibodies. 

12. The method of claim 3 wherein said analytes of interest are antigens selected from the 
group consisting of bacterial, viral, fungal, mycoplasmal, rickettsial, chlamydial and 
protozoal antigens and said reactants are antibodies specifically reactive with said 
antigens. 

13. The method of claim 3 wherein said reactants are antigens selected from the group 
consisting of bacterial, viral, fungal, mycoplasmal, rickettsial, chlamydial and protozoal 
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antigens and said analytes of interest are antibodies specifically reactive with said 
antigens. 

14. The method of any one of claims 10 or 12 wherein said antigens are antigens borne by 
pathogenic agents responsible for sexually transmitted disease. 

15. The method of any of claims 10 or 12 wherein said antigens are antigens borne by 
pathogenic agents responsible for a pulmonary disorder. 

16. The method of any of claims 10 or 12 wherein said antigens are antigens borne by 
pathogenic agjcnts responsible for a gastrointestinal disorder, 

1 7 The method of claim 3 wherein said analytes of interest are substances of abuse. 

18. The method of claim 3 wherein said analytes of interest are therapeutic drugs. 

19. The method of claim 3 wherein said analytes of interest are antigens or antibodies 
associated with one or more selected pathological syndromes. 

20. The method of claim 19 wherein said syndromes are selected from the group consisting 
of malignancy, allergy, autointmranc diseases, and blood borne viruses. 

21. The method of claim 19 wherein at least one said syndrome is a cardiovascular disorder. 

22. The method of claim 3 wherein said analytes of interest are selected from the group 
consisting of analytes testing for pregnancies and hormones. 
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23. The method of claim 3 wherem said fluorescent signal is emitted from fluoresceinated 
antibodies specific for antibodies coupled to said beads in said set 

24. The method of claim 3 wherein said fluorescent signal is emitted from a fluoresceinated 
compound specifically reactive with an immunoglobulin molecule. 

25. The method of claim 3 vrtierein said fluorescent signal is emitted from an agent selected 
from the group consisting of a fluoresceinated anti-immunoglobulin antibody or a 
specifically reactive fragment thereof, fluoresceinated protein A, and fluoresceinated 
protein G. \ 

26. The method of claim 1 9 wherein said analyte comprises autoantibodies and said antigens 
comprise oligopeptide epitopes reactive with said autoantibodies, said fluorescent labeU 
comprise fluorescent monoclonal antibodies reactive with said epitopes and wherein the 
presence of the analyte autoantibodies is detected as a result in a decrease of F„. 

27. The method of claim 3 wherein said analytes are enzymes, said reactants are 
fluorescently labeled substrates for said enzymes, said change in F« results from 
cleavage of said substrates from said beads. 

28. The method of claim 27 wherein said enzymes are selected firam the groups consisting of 
proteases, glycoSidases, nucleotidases, oxidoreductases. hydrolyases, esterases, 
convertases, ligases, transferases, phosphorylases, lyases, lipases, peptidases, 
dehydrogenases, oxidases, phospholipascs, decarboxylases, invertases, aldolases, 
transaminases, synthetases, and phosphotases. 
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29. The method of claim 3 wherein the fluid to be tested is selected from the group 
consisting of plasma, serum, tears, mucus, saliva, urine, pleural fluid, spinal fluid and 
gastric fluid, sweat, semen, vaginal secretions, fluid from ulcers and other surface 
eruptions, blisters, and abscesses, and extracts of tissues including biopsies of nomial, 
malignant, and stispect tissues. 

30. A method of flow cytometric analysis for detection of immunoglobulins in a fluid 
sample comprising the steps of: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in eacl^ subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (Q, Cj ... C„) values and sufflciently 
different from beads in any other subset in at least one of said 
classiflcation parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to an immunoglobulin that corresponds to the 
immunoglobulin to be assayed for in the fltiid sample; 

(b) obtaining a fluorescently labeled immunoglobulin-binding reagent capable of 
reacting with the immunoglobulins to be detected; 

(c) mixing, to produce a reacted bead sample, the headset with the fluid sample to 
be tested and the fluorescently labeled immunoglobulin-binding reagent under 
conditions that will allow competitive binding reactions between the 
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immunogiobulin-binding recent and immunoglobulin in the fluid to be tested 
and between the inununoglobulin-binding reagent and the immunoglobulin on 
the beads in said set, wherein a reaction between a bead-boimd inununoglobulin 
and the fluorescently labeled immunogiobulin-binding reagent causes an increase 
in the value of a fluorescent signal (FJ emitted ftom said bead; 

(d) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the 
inunundglobulin on the bead as a fimction of the tmique profile of classification 
parameter values; and 

(f) detecting a corresponding immunoglobulin in said sample as a function of the 
identification in step (c) and a change in the F„ values of the beads in each of 
said subsets in the reacted fluid sample relative to the F„, values of the beads in 
each of said subsets not reacted with said fluid. 

31. The method of claim 30 wherein said inmiunoglobulins to be detected are 
immunoglobulins belonging to different tnmiunoglobulin classes, 

32. The method of claim 31 wherein said classes are selected from the group consisting of 
IgG,IgM, IgA, and IgE. 

33. The method of claim 32 wherein said immunoglobulins to be detected are 
immunoglobulins belonging to different immunoglobulin sub-classes. 
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34. The method of claim 33 wherein said subclasses are selected from the group consisting 
of human IgG,, IgGj, IgGs, IgG4, IgA|. and IgA^. 

35. A method of flow cytometric analysis for detection of immunoglobulin specific for a 
particular epitope of interest in a sample comprising the steps of: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are suEBciently homogeneous with respect to each of at least three 
J selected classification parameter (C/, Cj ... Q values and sufiBcientiy 

different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values vrfthin each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a monoclonal antibody preparation which is specific for an 
epitope that is the same epitope as that epitope which binds to an 
immunoglobulin to be assayed for, 

(b) obtaining a plurality of fluorcscently labeled reagents wherein each of said 
reagents bears an epitope to which the monoclonal antibody preparation coupled 
to the beads within a subset binds; 

(c) mixing, to produce a reacted bead sample, the headset with the fluid sample to be 
tested and the fluorcscently labeled reagents under conditions that will allow 
competitive binding reactions between the fluorcscently labeled reagents and 
immunoglobulin in the fluid to be tested and between the fluorcscently labeled 
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reagents and the monoclonal antibodies on the beads wherein a reaction between 
a bead-bound antibody and the fluorescenily labeled reagent causes an increase 
in the value of a fluorescent signal (FJ emitted from said bead; 

(d) analyzing the reacted sample by flow cytometry to determine Ihe classification 
parameter value profile and an F« value of each bead analyzed; 

(e) identifying the subset to vrfuch each bead belongs and therefore the monoclonal 
antibody on the bead as a function of the unique profile of classification 
parameter values; and 

(f) detecting the presence or absence of an inununoglobulin in said sample specific 
for said particular epitope as a function of the identification in step (e) and a 
change m the F„ values of the beads in each of said subsets in the reacted fluid 
sample relative to the F^. values of the beads in each of said subsets not reacted 
v^th said fluid. 

36. The method of claim 35 wherein the epitopes are epitopes located on viral antigens. 

37. The method of claim 36 wherein said viral antigen is an antigen from HTV. 

38. A method of flow cytometric analysis for detection of analytes commonly elevated in 
pregnancy in a fliid sample comprising the steps of: 

(a) obtamii^ a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (Q, Q, Cj ... C„) values and sufficiently 
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difTerent from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

5 (2) are coupled to an antibody which is specific for an analyte to be assayed 

for in the fluid sample; 
(b) obtaining a plurality of preparations of antibody molecules wherein each of said 
preparations contains fluorescendy labeled antibodies specific for an analyte to 
be assayed for in the fluid sample; 

10 (c) mixing, to produce a reacted bead sample, the headset with the fluid sample to be 

tested and the fluorescently labeled antibodies under conditions that will allow 
binding reactions between the antibody that is coupled to the bead, the analyte of 
interest in the fluid to be tested, and the fluorescently labeled antibodies so as to 
bind said fluorescent antibodies to said beads though binding to said enzymes 

13 which are in turn bound to said beads though said bead-bound antibodies and 

wherein a bridging reaction between a bead-bound antibody, the analyte to which 
that antibody binds, and the fluorescently labeled antibody speciflc for said 
enzyme causes an increase in the value of a fluorescent signal iF„) emined from 
said bead; 

20 (d) analydng the reacted sample by flow cytometry to detemiine the classification 

parameter value profile and an F„ value of each bead analyzed; 
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(e) identifying the subset to which each bead belongs and therefore the antibody on 
the bead as a function of the unique profile of classification parameter values; and 

(0 detecting the analyte in said sample as a function of the identification in step (e) 
and a change in the values of the beads in each of said subsets in the reacted 
ilxiid sample relative to values of the beads in each of said subsets not reacted 
with said fluid. 

39. The method of claim 38 wherein said analytes are selected from the group consisting of 

human chorionic gonadotropin, alpha fetoprotein, and 3* estradiol. 

\ 

40. A method of flow cytometric analysis for determining the epitope to which a monoclonal 
antibody binds^comprising the steps of: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C,, C^, Q . Q values and sufficiently 
different firom beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a peptide which provides a given epitope; 

(b) obtaining a fluorescently labeled monoclonal antibody of interest; 

(c) mixing, to produce a reacted bead sample, the headset with the fluorescently 
labeled monoclonal antibody under conditions that will allow binding reactions 
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between the bead-bound peptide which provides the epitope to which the 
monoclonal antibody is capable of binding and said monoclonal antibody, 
wherein a reaction between a bead-bound peptide and the fiuorescently labeled 
monoclonal antibody causes an increase in the value of a fluorescent signal (FJ 
emitted from said bead; 

(d) analy^g the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F„ value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the peptide on 
said bqad as a function of the unique profile of classification parameter values; 
and 

(0 detecting the particular epitope to which the monoclonal antibody binds as a 
fimction of the identification in step (e) and a change in the F« values of the 
beads in each of said subsets in the sample relative to the F„ values of beads not 
reacted with said monoclonal antibody. 

41. The method of claim 40 where said peptides are fiom 2 -100 amino acids in length. 

42. A method of flow cytometric assay for antibodcs reactive with given pathogens of 
interest in a fluid sample comprising the steps of: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) arc sufficiently homogeneous with respect to each of at least three 
selected classification parameter (Q, C^, Q ... C„) values and sufficiently 
diflfercnt from beads in any other subset in at least one of said 
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classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to an antigen derived &om one of said pathogens of interest : 

(b) obtaining a fluorescentiy labeled immimoglobulin-reactive reagent; 

(c) mixing, to produce a reacted bead sample, the headset with the fluid sample and 
the fluorescentiy labeled immimoglobulin-reactive reagent under conditions that 
will allow binding reactions between the bead-bound antigen and antibody in said 
sample knd the fluorescentiy labeled inrniunoglobulin-ieactive reagent wherein a 
reaction between a bead-boimd antigen, antibody in said fluid sample and the 
fluorescentiy labeled reagent causes an increase in the value of a fluorescent 
signal (F„) emitted from said bead; 

(d) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F„ value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the peptide on 
said bead as a function of the unique profile of classification parameter values; 
and 

(f) detecting the particular epitope to which the monoclonal antibody binds as a 
function of the identification in step (e) and a change in the F„ values of the 
beads in each of said subsets in the sample relative to the F„ values of beads hot 
reacted with said fluid sample. 
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43, The method of claim 42 wherein said antigens comprise one or more of the following 



44, The method of claim 43 wherein said fluorescently labeled immunoglobulin-reactive 
reagent is anti-Human IgG. 

45, The method of claim 43 wherein said fluorescently labeled immunoglobulin-reactive 
reagent is anti-Human IgM 

46, A method of flow cytometric assay for antibodies reactive with allergens of interest in a 
fluid sample comprising the steps of: 



antigens: Toxoplasma gondii^ Rubella virus. Cytomegalovirus, and Herpes Simplex 



virus. 



(a) 



obtaining a beadset comprising a plurality of subsets of beads wherein the beads 



in each subset; 



(1) 



are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (Q, C;, Cj . . . Q values and sufScientiy 



dififcrcnt from beads in any other subset in at least one of said 



classification parameter values so that the profile of classification 
parameter values withm each subset detectable by flow cytometry is 



unique; and 



(2). 



are coupled to an antigen derived from an allergen of interest; 



(b) 



(c) 



obtaining a fluorescently labeled IgE reactive reagent; 

mixing, to produce a reacted bead sample, the beadset with the fluid sample and 
the fluorescently labeled reagent under conditions that will allow binding 
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reactions between the bead-bound allergen and antibody in said sample and the 
Quorescently labeled IgE reactive reagent wherein a reaction between a bead- 
bound allergen, antibody in said fluid sample and the fluorescently labeled IgE- 
reactive reagent causes an increase in the value of a fluorescent signal (F„) 
emitted firom said bead; 

(d) analyzmg the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F„ value of each bead analyzed; 

(e) identifying the subset to which each bead belongs and therefore the allergen on 
said beid as a function of the imique proflle of classification parameter values; 
and 

(f) detecting the particular epitope to which the monoclonal antibody binds as a 
function of the identiflcation in step (e) and a change in the F„ values of the 
beads in each of said subsets in the sample relative to the F„ values of beads not 
reacted with said fluid sample. 

47. The method of claim 46 wherein said allergen comprise one or more of the following 
antigens: Junegrass, Red Top, Brome, Orchard, Timothy, Rye, Fesque, What, Quack, 
Bermuda, Johnson, Canary, Velvet, Saltgrass, Bahia, and Vernal. 

48. The method of claim 46 wherein said fluorescently labeled IgE reactive reagent is anti- 
human IgE 

49. The method of claim 46 wherein said fluorescently labeled IgE reactive reagent is anti- 
canine IgE. 
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50. A methcxi of flow cytometric analysis capable of quantitating the concentration of an 
analyte of interest in a fluid sample comprising: 

(a) obtaining a headset comprising a plurality of subsets of beads, wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C, , Cj, C3, ...C„) values and suffidemly 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytomctiy is 
unique; and 

(2) are coupled to a reactant that will specifically react with the selected 
analyte of interest in the sample to be tested; and 

wherein the beads in a pluraUty of said subsets are coupled to the same reactant 
but at concentrations which differ among said subsets; 

(b) mixing, to produce a reacted bead sample, the headset with the fluid sample to be 
tested under conditions that will allow reactions between the analyte of interest in 
the fluid sample and the reactants on the beads in said set, wherein a reaction 
between a reactant and an analyte of interest on a bead causes a clwngc in the 
value of a fluorescent signal (F^) emitted from said bead; 

(c) analyzing the reacted sample by flow cytometiy to determine the classificaUon 
parameter value profile and an F„ value of each bead analyzed; 
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identifying the subset to which each bead belongs and therefore the concentration 
of reactant with which the bead was coupled as a function of the unique profile of 
classification parameter values; and 

detecting the concentration of the analyte of interest in said sample as a fimcUon 
of the idenUfication in step (d) and the F„ values of the beads in each of said 
subsets relative to the F„ values of a second set of the beads in each of said 
subsets, wherein said beads in said second set have not been reacted with said 
fhiid sample but have been reacted with a known concentratioa of the analyte of 



interest! 



51. A method of,^ow cytometric analysis capable of quantitating the concentration of an 
analyte of interest in a fluid sample comprising: 

(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) an: sumciently homogeneous with respect to each of at least three 
selected classification parameter (C, . Cj, C,. ...C J values and sufBciently 
different from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique; and 

(2) are coupled to a reactant that will specifically react with the analyte of 
interest in the sample to be tested; and 
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whereln the beads in a plurality of said subsets are coupled to the same 
reactant but at concentrations which differ among said subsets; 

(b) mixing, to produce a reacted bead sample, the headset with a fluorescently 
labeled competitive inhibitor of the reaction between the analyte of interest and 
the reactant on the beads and with the fluid sample under conditions that will 
allow reactions between the analyte of interest in the fluid sample and the 
reactants on the beads in said set, wherein a reaction between an analyte of 
interest and a reactant on a bead causes a decrease in the value of a fluorescent 
signal (F J emitted from said bead; 

(c) analyzing the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F,„ value of each bead analyzed; 

(d) identifying the subset to which each bead belongs and therefore the concentration 
of reactant with which the bead was coupled as a function of the unique profile of 
classification parameter values; 

(e) assigning a bead subset value to each bead subset with correlates relatively with 
the concentration of analyte with which the bead subset was coupled; 

(f) determining an inter-bead subset slope &Qm a plot of mean F,„ for each bead 
subset versus bead subset value to produce an inter-bead subset slope; and 

(g) determining the concentration of the analyte of interest in the sample by 
interpolation of the slope determined in step (0 into a standard assay curve 
wherein the mter-bead subset slopes of beads incubated with known 
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concentrations of the analyte of interest are plotted against the log of the known 

concentration of the analyte of interest. 
52. A method of generating a multiplexed standard assay curve for use in quanlitating the 
concentration of an analyte of interest in a fluid sample comprising the steps of: 
(a) obtaining a beadset comprising a plurality of subsets of beads wherein the beads 

in said subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C, . Cj, Cj, ...CJ values and sufficiently 
(AfTerent from beads in any other subset in at least one of said 
classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
imique; and 

(2) are coupled to a reactant that will specifically react with a selected analyte 
of interest m a fluid to be tested; and 

(3) wherein the beads in a plurality of said subsets are coupled to the same 
reactant but at concentrations which (Uffer among said subsets; 

(b) mixing, to produce a reacted bead sample, the beadset with a fluorescenUy 
labeled competitive inhibitor of the analyte of interest and a known concentration 
of the analyte of interest under conditions that will aUow reactions between the 
analyte of interest in the fluid and the reactants on the beads in said set, wherein a 
reaction between a reactant and an analyte of interest on a bead causes a decrease 
in the value of a fluorescent signal (F J emitted from said bead; 
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(c) analyzing the reacted sample by flow cytometry to detcraaine the classification 
parameter value profile and an value of each bead analyzed; 

(d) identifying the subset to which each bead belongs and therefore the concentration 
of reactant with which the bead was coupled as a function of the unique profile of 
classification parameter values; and 

(e) assigning a bead subset value to each bead subset with correlates relatively with 
the concentration of analyte with which the bead subset was coupled; and 

(f) determining an inter-bead subset slope from a plot of mean for each bead 
subset)versus bead subset value; and 

(g) repeating steps (a) - (f) at least one time but with a known concentration of 
anal^^e of interest that differs from said concentration of analyte of interest 
employed in any other step (b); and 

(h) plotting to produce a standard curve the inter-bead subset slopes at each known 
concentration of analyte of interest against the log of each known concentration 
of analyte of interest 

53. A method for flow cytometric analysis to detect a plurality of nucleic acid analytes of 
interest in a single sample comprising: 

(a) obtaining a headset comprising a plurality of subsets of beads wherein the beads 
in each subset; 

(1) are sufficiently homogeneous with respect to each of at least three 
selected classification parameter (C/, Cj ... C„) values and sufiicienlly 
different from beads in any other subset in at least one of said 
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classification parameter values so that the profile of classification 
parameter values within each subset detectable by flow cytometry is 
unique, 

are coupled to a nucleic acid that will specifically hybridize with a 
selected nucleic acid analyte of interest in a fluid to be tested, 
are reactive with a fluorescently labeled nucleic acid probe which 
competes with said nucleic acid analyte for hybridization with said 
nucleic acid coupled to the bead; 

(b) mixingjto produce a reacted bead sample, the beadset with the fluid to be tested 
under conditions that will allow hybridization between nucleic acid analytes of 
interest in the fluid and the nucleic acids coupled to the beads in said beadset and 
thereby to allow the nucleic acid analytes in said fluid to inhibit hybridization 
between the fluorescently labeled nucleic acids with the nucleic acids coupled to 
said beads, resulting in a decrease in a fluorescent signal F„ emitted from a bead 
with which a nucleic acid analyte of interest in the fluid has reacted; 

(c) analyzbg the reacted sample by flow cytometry to determine the classification 
parameter value profile and an F„ value of each bead analyzed; 

(d) identifying the subset to which each bead belongs and therefore the reactailt on 
the bead as a function of the unique profile of classification parameter values; and 

(e) detecting the presence or absence of a particular analyte of interest in said sample 
as a fiinction of the identification in step (d) and an increase in the F„ values of 



(2) 
(3) 
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the beads in each of said subsets in the reacted fluid sample from the F„ values of 
the beads in each of said subsets not reacted with said fluid. 
54. The method of claim 3 wherein said analytes are enzymes, said reactants are fluorescent 

molecules which upon reaction with the enzyme lose fluorescence, said change in F„ 

results from alteration of said substrates attached to said beads. 



53 



56. 



10 



1} 



20 



The method of claim 3 wherein said analytes are enzymes, said reactants are non- 
fluorescent molecules which upon reaction with the enzyme become fluorescent, and 

said change in F. results from alteration of said substrates attached to said beads. 
1 

The method of claim 3 wherein said analytes are convertases which produce active 
enzymes frdb inactive precursors, said reactants are inactive precursors that are 
comrerted to active enzyme which in turn are reactants of fluorescentiy labeled substrates 
for said newly activated enzymes, and said change in F„ results from cleavage of said 
substrates from said beads. 

57. The method of claim 5 wherein said analytes are enzymes, said reactants are molecules 
attached to a bead which, upon reaction with the enzyme, become ligates for a 
fluorescentiy labeled ligand, and wherein said change in results from reaction of the 
new ligatc with the fluorescentiy labeled ligand. 

58. The method of claim 3 wherein said analyte is a cofi«:tor which produces an active 
enzyme from an inactive apo-enzymes, said reactant is a fluorescentiy labeled substrate 
for said activated enzyme, and said change in F„ results from cleavage of said substrate 
from said active enzyme. 
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59. 



A method of processing a plurality of data signals generated by a flow cytometcr in real- 
time, each said daU signal being associated v«ih a specific cytometric target and 
encoding a forward light scatter vahie. a side Ught scatter value, a red fluorescence value, 
an orange fluorescence value, and a green fluorescence value, compiising: 

(a) receiving a data signal; 

(b) extracting from said data signal (1) a forward light scatter value, (2) a side light 
scatter value. (3) a red fluorescence value, (4) an orange fluorescence value, and 
(5) a green fluorescence value; 

(c) classifying said cytometric target into one of a plurality of classes, referred to as 
an identified class, said classification being a fiinction of said extracted (1) 
forward light scatter value, (2) side light scatter value, (3) red fluorescence value, 
and (4) orange fluorescence value; 

(d) incrementing a dass-count value associated with said id«itified class, said class- 
count value encoding the number of cytomettic targets classified as belonging to 
said identified 6lass; 

(e) accumulating a green-fluorescence-suro value associated with said identified 
class, said green fluorescence sum-value encoding an arithmetic sum of said 
extracted green fluorescence value for all cytometric targets classified as 
belonging to said identified class; 

(f) repeaUng the operations described in paragraphs (a) through (e) for subsequent 

data signals; 
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(g) generating, for each of said plurality of classes, one or more outcome-description 
signals encoding textual infonnation correlated with the class-count value and 
with the green-fluorescence-sum value for said class; and 

(h) displaying said textual information. 

60. The method of claim 59 v*erein said specific cytometric target is an appropriately 
labeled bead 

6K The method of claim 60 wherein each one of said plurality of classes is associated with 
one bead sub^t, said bead subset fonned in accordance with claim 2. 

62. The method of claim S9 wherein the operation of paragraph O is further comprised of 
performing a reasonableness test on said cytometric target*s identified class, said 
reasonableness test being a function of one or more of said identified class* (1) forward 
light scatter value, (2) side light scatter value, (3) red fluorescence value, and (4) orange 
fluorescence value. 

63. A method of processing a plurality of data signals generated by a flow cytometer, each 
said data signal being associated with a specific flow cytometric target and encoding a 
plurality of classification parameter values and one or more measurement parameter 
values, comprising: 

(a) receiving a data signal; . 

(b) extracting said plurality of classification parameter values and said one or more 
measurement parameter values from said data signal; 
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(c) classifying said cytometric target into one of a plurality of classes, refeixed to as 
an identified class, said classification being a fimction of smd plurality of 
extracted classification parameter values; 

(d) incrementing a class-count value associated with said identified class; 

(e) accumulating each of said one or more extracted measurement values into one or 
more respective accumulation-values for said identified class; 

(f) repeating the operations described in paragraphs (a) through (e) for subsequent 
data signals; 

(g) generating, for each of said plurality of classes, one or more outcome-description 
signals encoding information correlated with the class-count and with the one or 
more accumulation-sum values for said class; and 

(h) displaying said textual information. 

64. The method of claim 63 wherein said processing in performed in real-time. 

65. TTie mediod of dahn 64 wherein each one of said plurality of classes is associated with . 
one head subset, said bead subset formed in accordance with claim 2. 

66. The method of claim 63 wherein said specific cytometric target is an appropriately 
labeled bead. 

67. The method of dahn 63 wherein said data signal encodes a plurality of classification 
parameter values selected from tiie group consisting of forward Ught scatter, side Ught 
scatter, red fluorescence, and orange fluorescence. 
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68. The method of claim 63 wherein said data signal encodes one or more measurement 
parameter values selected from the group consisting of orange fluorescence and green 
fluorescence. 

69. The method of claim 63 wherein said one or more outcome-description signals encodes 
3 textual information. 

70. The method of claim 63 wherein each of said one or more outcome-description signals is 
determined by either an OVER-UNDER test or a SHIFT test 

71. An machine itadable assay database, stored in a storage device, for the processing of 
flow-cytometric measurement data comprising: 

10 (a) an assay definition table, said assay definition table encoding (1) one or more 

measurement subset token identifiers. (2) for each subset token identifier, one or 
more baseline measurement parameter values, and (3) for each subset token 
identifier, an interpretation test-type token; 

(b) a discriminant function table, said discriminant function table encoding a 
15 classification decision tree based on one or more classification measurement 

parameters, said one or more classification measurement parameters encoded in 
said flow-cytometric measurement data; 

(c) an interpretation table, said interpretation table encoding textual assay outcome- 
description information; and 

20 (d) a results table, said results table capable of encoding statistical accumulation of 

real-time flow-cytometric mcasurcinent data. 
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72. A method of processing a plurality of data signals, in real-time, generated by a diagnostic 
device, each of said plurality of data signals being associated with a specific diagnostic 
target and encoding a plurality of classification parameter values and one or more meas- 
urement parameter values, comprising: 

(a) receiving a data signal; 

(b) extracdng said plurality of classification parameter values and said one or more 
measurement parameter values from said data signal; 

(c) classifying said diagnostic target into one of a plurality of classes, referred to as 
an idcAtified class, said classification being a function of said plurality of 
extracted classification parameter values; 

(d) incrementing a class-count value associated with said identified class; 

(e) accumulating each of said one or more extracted mcastircment values into one or 
more respective acctmiuladon-values for said identified class; 

(f) repeating the operations described in paragraphs (a) through (e) for subsequent 
data signals; 

(g) generating, for each of said plurality of classes, one or more outcome-description 
signals encoding information correlated with the class-count and with the one or 
more accumulation-sum values for said class; and 

(h) displaying said outcome-description signals. 

73. The method of claim 72 wherein said diagnostic device is selected from the group 
consisting of a flow cytomcter and a cell sorter. 
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74. A program storage device that is readable by a computer, said program storage device 
having encoded therein a program of instructions that includes instructions for executing 
the method steps of a specified one of claims 59, 63, 71, and 72. 

s 75. A method for flow cytometric analysis to detect genetic mutations in a DNA comprising: 

(a) obtaining beads coupled to an oligonucleotide molecule designed to hybridize 
with a selected PCR product of interest; 

(b) mixing the beads wiA said PCR product under conditions that will allow 
hybridization between said PCR product and the oUgonucleotide coupled to the 
beads and thereby to allow the PCR product to inhibit hybridization between a 
fluor»Hscentiy labeled nucleic acid probe that is completely complementary to said 
oligonucleotide coupled to said beads; 

(c) adding said fluorescent probe to the mixture; 

(d) analyzing the reacted sample by flow cytometry to determine the fluorescence of 
I) each bead analyzed; and 

(e) detecting tiie genetic mutation or absence thereof as a result of die degree of 

fluorescence on the beads. 

76. A method to detect a genetic mutations in a DNA comprising: 

(a) obtaining beads coupled to an oligonucleotide molecule, said oligonucleotide 
molecule designed to hybridize witii a selected PCR product of interest; 

(b) mixing said beads witii said PCR product, under conditions tiuu will allow 
hybridization between said PCR product and Hoc oUgonucleotide coupled to the 
beads, to form a reacted mixture; 



30 
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(c) adding a fluorescent probe to said reacted mixture; 

(d) determining the fluorescence of the beads by flow cytometry; and 

(e) detecting the geneUc mutation, or absence thereof, as a result of the degree of the 
determined fluorescence on the beads. 

77. A method of detecting a genetic mutadon in a DNA comprising the steps of: 

(a) selecting an oligonucleotide probe for said genetic mutation; 

(b) preparing a fluorescent DNA probe complementary to the oligonucleotide probe 
coupling said selected probe to each one of a plurality of beads to form a bead 



(c) 



J 

aliquot; 

selecting PCR primtrs to ampUfy a region of said DNA corresponding to said 

t, 

selected probe; 



(d) amplifying said genetic mutation by PCR to form PCR products; 



(e) 



mixing ssud bead aliquot, said PCR products and said fluorescent probe to form a 



mixture; 

(f) incubating said mixture to promote under competitive hybridization conditions; 

(g) measuring die fluorescence said beads by flow cytometry; and 

(h) detecting add genetic mutation, or absence thereof, as a function of the measured 
fluorescence of said beads. 

78. The method of claim 77 wherein said genetic mutation is selected firom the group 
consisting of mutations in MEN2a, MEN2b. MENl. ret proto^incogene. LDL receptor. 
NFl.NF type 2. BRCAl, BRCA2, BRCA3, APC, adenosine deaminase, XPAC, ERCC6 
excision repair gene, finrl. Duchenne's muscular dystrophy gene, myotonic dystrophy 
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protein kinase, androgen receptor, Himtington^s, HPRT, apoiipoprotein E, HEXA, 
steroid 2-hydroxylase, angiotensin, hNMLHl, 2 mismatch repair, APC, Rb, p53, bcr/abl, 
bcl-2 gene, chromosomes 11 to 14 and chromosomes 15 to 17 gene transpositions, and 
genes encoding ion transporters. 

79. The method of claim 77 wherein said oligonucleotide probe has a length of between 5 
and 500 nucleotides. 

80. The method of claim 77 wherein said PGR primers are designed to amply a region of 

said DNA corresponding to said oligonucleotide probe. 
J 

81. The method of claim 77 wherem said fluorescent probe is selected from the group 
consisting of DNA sequences complementary to wild-type or mutant sequences coupled 
to the beads. 

82. A kit for detection of a genetic mutation in a DNA comprising: 

(a) a first container comprising beads coupled to an oligonucleotide designed to 
hybridize with a selected PGR product of interest; 

(b) a second container comprising a PGR primer designed to amplify a section of 
DNA complementary to said oligonucleotide; and 

(c) a third container con^sing a fluorescent labeled DNA probe capable of 
selectively hybridizing said oligonucleotide. 

83. The kit of claim 82, wherein said genetic mutation is selected firom the group consisting 
of mutations in MEN2a, MEN2b, MENl, ret proto-oncogene, LDL receptor, NFl, NF 
type 2, BRCAl, BRCA2, BRCA3, APC, adenosine deaminase, XPAG, ERCG6 excision 
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repair gene, fmrl. Duchennc's muscular dystrophy gene, myotonic dystrophy protein 
kinase, androgen receptor. Huntington's. HPRT, apoUpoprotein E. HEXA. steroid 2- 
hydroxylase, angiotensin. hNMLHl. 2 mismatch repair. APC. Rb. p53. bcr/abl. bcl-2 
gene, chromosomes 11 to 14 and chromosomes IS to 17 gene transpositions, and genes 
encoding ion transporters- 

84. The kit of claim 82 v*erein said fluorescent labeled DNA probe has a length of between 
5 and 500 nucleotides. 

85. The method clajm 3 where the analytes of interest are DNA segments, the reactant on the 
bead are DNA segment capable of specifically hybridizing to said analytes, and the 
fluorescem label is a fluorescent DNA segment also capable of specifically hybridizing 
with said reactant to compete with the hybridization of said reactant to said label. 
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